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1
HUMANIZED NEURAMINIDASE ANTIBODY
AND METHODS OF USE THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. application Ser. No.
13/121,235, filed Sep. 6, 2011, now U.S. Pat. No. 8,734,803,
which is a National Stage application under 35 U.S.C. 371 of
International Application No. PCT/US2009/058640, having
an International Filing Date of Sep. 28, 2009, which claims
benefit of priority from U.S. Provisional Application Ser. No.
61/100,740, filed Sep. 28, 2008, which is incorporated herein
by reference in its entirety.

TECHNICAL FIELD

This document relates to antibodies against influenza, and
more particularly to an influenza N1 neuraminidase-specific
monoclonal antibody that can protect animals against live
challenge with homologous H5N1 virus.

BACKGROUND

Influenza has a long history characterized by waves of
pandemics, epidemics, resurgences and outbreaks. Influenza
is a highly contagious disease with the potential to be devas-
tating both in developing and developed countries. In spite of
annual vaccination efforts, influenza infections result in sub-
stantial morbidity and mortality each year. Although pandem-
ics do not occur very often, flu strains have recently emerged
that increase the potential for an influenza pandemic. An
example is the avian influenza virus of the type HSN1, which
as caused an epidemic in poultry in Asia as well as in regions
of'Eastern Europe, and has persistently spread throughout the
globe. The rapid spread of infection and the cross species
transmission from birds to humans has increased the potential
for outbreaks in human populations and the risk of a pan-
demic. The virus is highly pathogenic, with a mortality rate of
over fifty percent in birds as well as the few human cases that
have been identified. Human to human transmission of the
virus would have the potential to result in rapid, widespread
illness and mortality.

The major defense against influenza is vaccination. Influ-
enza viruses are segmented, negative-strand RNA viruses
belonging to the family Orthomyxoviridae. Influenza virus
hemagglutinin glycoprotein (HA) generally is considered the
most important viral antigen with regard to the stimulation of
neutralizing antibodies and vaccine design. The presence of
viral neuraminidase (NA) has been shown to be important for
generating multi-arm protective immune responses against
the virus. Antiviral agents that inhibit neuraminidase activity
have been developed and can be an additional antiviral treat-
ment upon infection. A third component considered useful in
the development of influenza antivirals and vaccines is the ion
channel protein M2.

Subtypes of the influenza virus are designated by different
HA and NA that are the result of antigenic shift. Furthermore,
new strains of the same subtype result from antigenic drift or
from mutations in the HA or NA molecules that generate new
and different epitopes. Although 15 antigenic subtypes of HA
have been documented, only three of these subtypes (H1, H2,
and H3) have circulated extensively in humans. Vaccination
has become paramount in the quest for improved quality of
life in both industrialized and underdeveloped nations. The
majority of available vaccines still follow the basic principles
of mimicking aspects of infection in order to induce an
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immune response that could protect against the relevant
infection. However, generation of attenuated viruses of vari-
ous subtypes and combinations can be time consuming and
expensive. Along with emerging new technologies, in-depth
understanding of a pathogen’s molecular biology, pathogen-
esis, and interactions with an individual’s immune system has
resulted in new approaches to vaccine development and vac-
cine delivery. Thus, while technological advances have
improved the ability to produce improved influenza antigens
vaccine compositions, there remains a need to provide addi-
tional sources of protection against to address emerging sub-
types and strains of influenza.

SUMMARY

This document relates to antibody compositions and meth-
ods for producing antibody compositions, including produc-
tion in plant systems. This document further relates to vectors
encoding antibodies or antigen binding fragments thereof, as
well as fusion proteins, plant cells, plants, compositions, and
kits comprising antibodies or antigen binding fragments
thereof, and therapeutic and diagnostic uses in association
with influenza infection in a subject.

This document is based in part on the identification of an
anti-H5N1 neuraminidase monoclonal antibody that specifi-
cally inhibits N1 neuraminidase activity of highly pathogenic
avian influenza (HPAI) strains from clades 1, 2, and 3. The
NI1NA-specific mAb, 2B9, can inhibit enzymatic activity of
NA from several strains of HSN1, including oseltamivir-re-
sistant HPAT isolates. The protective efficacy of this antibody
has been demonstrated in animal challenge models (e.g.,
mouse models) using homologous virus. The specific and
effective inhibition of NINA renders this mAb a useful thera-
peutic tool in the treatment and/or prevention of human infec-
tion. The 2B9 mAb also can be useful for treating and/or
preventing infection with drug-(e.g., oseltamivir- and/or zan-
imivir-) resistant strains of HPAI. In addition, the mAb can be
a useful diagnostic tool for typing suspected HSN1 human
isolates in conjunction with other diagnostic approaches.

Thus, this document provides antibodies against influenza
neuraminidase antigens, as well as antibody components pro-
duced in plants. The antibodies can inhibit neuraminidase
activity. Also provided are antibody compositions that are
reactive against influenza neuraminidase antigen. In addition,
methods for production and use of the antibodies and com-
positions are provided herein.

In one aspect, this document features an isolated mono-
clonal antibody that binds neuraminidase, wherein the anti-
body has the ability to inhibit neuraminidase enzyme activity,
and wherein the antibody comprises a light chain variable
region amino acid sequence as set forth in amino acids 1 to
127 of SEQ ID NO:5, and a heavy chain variable region
amino acid sequence as set forth in amino acids 1 to 137 of
SEQ ID NO:6. The antibody can be an antigen-binding frag-
ment of an antibody (e.g., an scFv, Fv, Fab', Fab, diabody,
linear antibody or F(ab'), antigen-binding fragment of an
antibody, or a CDR, univalent fragment, single domain anti-
body). The antibody can be a human, humanized or part-
human antibody or antigen-binding fragment thereof (e.g., a
humanized antibody comprising a heavy chain amino acid
sequence set forth in SEQ ID NO:7, a humanized antibody
comprising a heavy chain amino acid sequence set forth in
SEQ ID NO:8, a humanized antibody comprising a light
chain amino acid sequence set forth in SEQ ID NO:9, or a
humanized antibody comprising a light chain amino acid
sequence set forth in SEQ ID NO:10). The antibody can be a
recombinant antibody.
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In another aspect, this document features an antibody that
binds neuraminidase, wherein the antibody has the ability to
inhibit neuraminidase enzyme activity, and wherein the anti-
body comprises a light chain amino acid sequence that is at
least 85 percent identical (e.g., at least 90 percent identical, or
at least 95 percent identical) to the amino acid sequence set
forth in SEQ ID NO:9 or SEQ ID NO:10, and a heavy chain
amino acid sequence that is at least 85 percent identical (e.g.,
at least 90 percent identical, or at least 95 percent identical) to
the amino acid sequence set forth in SEQ ID NO:7 or SEQ ID
NO:8.

The antibodies provided herein can be produced in a plant.
The antibodies can be operatively attached to a biological
agent or a diagnostic agent (e.g., an agent that cleaves a
substantially inactive prodrug to release a substantially active
drug, such as an anti-influenza agent, or an anti-viral agent
such as an anti-influenza agent). The antibodies can be opera-
tively attached to a diagnostic, imaging or detectable agent
(e.g., an X-ray detectable compound, a radioactive ion or a
nuclear magnetic spin-resonance isotope, such as (a) the
X-ray detectable compound bismuth (III), gold (III), lantha-
num (III) or lead (IT); (b) the detectable radioactive ion cop-
per?, gallium®’, gallium®, indium''?, iodine'*?, iodine'**,
iodine1*!, mercury*®’, mercury>°>, rhenium'®, rhenium*®®,
rubidium®”, rubidium'®?, technetium®®™ or yttrium®°; or (c)
the detectable nuclear magnetic spin-resonance isotope
cobalt (II), copper (II), chromium (III), dysprosium (III),
erbium (I1I), gadolinium (III), holmium (III), iron (II), iron
(III), manganese (1), neodymium (II1), nickel (1), samarium
(111, terbium (I11), vanadium (II) or ytterbium (III). The anti-
bodies can be operatively attached to biotin, avidin or to an
enzyme that generates a colored product upon contact with a
chromogenic substrate. The antibodies can be operatively
attached to the biological agent as a fusion protein prepared
by expressing a recombinant vector that comprises, in the
same reading frame, a DNA segment encoding the antibody
operatively linked to a DNA segment encoding the biological
agent. The antibodies can be operatively attached to the bio-
logical agent via a biologically releasable bond or selectively
cleavable linker.

In another aspect, this document features a recombinant,
plant-produced monoclonal antibody that binds neuramini-
dase, wherein the antibody has the ability to inhibit
neuraminidase enzyme activity, and wherein the antibody
comprises a light chain amino acid sequence as set forth in
SEQ ID NO:5, and a heavy chain amino acid sequence as set
forth in SEQ ID NO:6.

This document also features a pharmaceutical composition
comprising an antibody as described herein, and a pharma-
ceutically acceptable carrier. The composition can be formu-
lated for parenteral administration. The antibody can be a
recombinant, plant-produced antibody. The pharmaceuti-
cally acceptable composition can be an encapsulated or lipo-
somal formulation. The composition can further comprise a
second therapeutic agent.

Also provided herein is a method for treating an influenza
infection in a subject in need thereof, comprising administer-
ing to the subject an amount of a composition as provided
herein that is effective to reduce symptoms of the influenza
infection in the subject.

In addition, this document features use of an antibody as
described herein for diagnosing a condition due to infection
by a human influenza virus, or for typing a human influenza
virus, wherein binding of the antibody to the influenza virus is
indicative of an N1 virus.

In still another aspect, this document features a method for
treating a subject in need thereof, comprising providing a
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biological sample from the subject, contacting the biological
sample with an antibody as provided herein, and, if the anti-
body shows detectable binding to the biological sample,
administering the antibody to the subject. The subject can be
a human patient (e.g., a human patient diagnosed as having
influenza, and in some cases a human patient diagnosed as
having an oseltamivir-resistant strain of influenza).

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
pertains. Although methods and materials similar or equiva-
lent to those described herein can be used to practice the
invention, suitable methods and materials are described
below. All publications, patent applications, patents, and
other references mentioned herein are incorporated by refer-
ence in their entirety. In case of conflict, the present specifi-
cation, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only and not
intended to be limiting.

The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,
and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1is a depiction of a plasmid construct used to express
neuraminidase in plants.

FIG. 2 is a graph plotting results of an ELISA, indicating
differential binding of the 2B9 anti-N1 neuraminidase mono-
clonal antibody to wells coated with NIBRG-14 virions,
NINA protein, N2NA protein, and HSHA protein, as indi-
cated.

FIG. 3 is a graph plotting inhibition of N1 neuraminidase
activity by 2B9 or, as a control, anti-RSV F protein, using the
molar ratios as indicated on the X axis.

FIG. 4 is a graph plotting percent survival of mice treated
with 2B9 or PBS prior to challenge with the A/VN/1203/04
H5N1 influenza strain.

FIG. 5is apicture of a gel stained with Coomassie blue dye,
showing the light (lower bands) and heavy (upper bands)
chains of humanized, plant-produced 2B9 (h2B9) antibodies.

FIG. 6 is a graph plotting antigen binding by the indicated
concentrations of various humanized 2B9 antibodies, as
determined by an ELISA.

FIG. 7 is a series of graphs plotting the half life of hybri-
doma-produced (top panels) or plant-produced (bottom pan-
els) 2B9 antibody, administered to mice intravenously (left
panels) or intramuscularly (right panels).

DETAILED DESCRIPTION

Influenza Antigens

Influenza antigen proteins can include any immunogenic
protein or peptide capable of eliciting an immune response
against influenza virus. Generally, immunogenic proteins of
interest include influenza antigens (e.g., influenza proteins),
immunogenic portions thereof, or immunogenic variants
thereof and combinations of any of the foregoing.

Influenza antigens can include full-length influenza pro-
teins or fragments of influenza proteins. Where fragments of
influenza proteins are utilized, such fragments can retain
immunological activity (e.g., cross-reactivity with anti-influ-
enza antibodies). Hemagglutinin and neuraminidase have the
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capacity to induce immunoprotective responses against viral
infection, and are primary antigens of interest in generating
antibodies.

Amino acid sequences of a variety of different influenza
NA proteins (e.g., from different subtypes, or strains or iso-
lates) are known in the art and are available in public data-
bases such as GenBank. Exemplary full length protein
sequences for NA of two influenza subtypes are provided
below. The italicized portion at the beginning of each
sequence represents the anchor peptide for that protein.

Vietnam H5N1 NA (NAV) :
(SEQ ID NO:

MNPNQKIITIGSICMVTGIVSLMLQIGNMISIWVSHSIHTGNQHQ

1)

SEPISNTNLLTEKAVASVKLAGNSSLCPINGWAVYSKDNSIRIGS
KGDVFVIREPFISCSHLECRTFFLTQGALLNDKHSNGTVKDRSPH
RTLMSCPVGEAPSPYNSRFESVAWSASACHDGTSWLTIGISGPDN
GAVAVLKYNGIITDTIKSWRNNILRTQESECACVNGSCFTVMTDG
PSNGQASHKIFKMEKGKVVKSVELDAPNYHYEECSCYPDAGEITC
VCRDNWHGSNRPWVSFNONLEYQIGYICSGVFGDNPRPNDGTGSC
GPVSSNGAGGVKGFSFKYGNGVWIGRTKS TNSRSGFEMIWDPNGW
TETDSSFSVKQDIVAITDWSGYSGSFVQHPELTGLDCIRPCFWVE
LIRGRPKESTIWTSGSSISFCGVNSDTVGWSWPDGAELPFTIDK
Wyoming H3N2 NA (NAW) :

(SEQ ID NO:
MNPNQKIITIGSVSLTISTICFFMQIAILITTVTLHFKQYEFNSP
PNNQVMLCEPTIIERNITEIVYLTNTTIEKEICPKLAEYRNWSKP
QCNITGFAPFSKDNSIRLSAGGDIWVTREPYVSCDPDKCYQFALG
QOGTTLNNVHSNDTVHDRTPYRTLLMNELGVPFHLGTKQVCIAWSS
SSCHDGKAWLHVCVTGDDENATASFIYNGRLVDSIVSWSKKILRT
QESECVCINGTCTVVMTDGSASGKADTKILFIEEGKIVHTSTLSG
SAQHVEECSCYPRYPGVRCVCRDNWKGSNRPIVDINIKDYSIVSS
YVCSGLVGDTPRKNDSSSSSHCLDPNNEEGGHGVKGWAFDDGNDV
WMGRTISEKLRSGYETFKVIEGWSNPNSKLQINRQVIVDRGNRSG
YSGIFSVEGKSCINRCFYVELIRGRKQETEVLWTSNSIVVEFCGTS

GTYGTGSWPDGADINLMPI

While sequences of exemplary influenza antigens are pro-
vided herein, and domains depicted for NA have been pro-
vided for exemplary strains, it will be appreciated that any
sequence having immunogenic characteristics of a domain of
NA can alternatively be employed. One skilled in the art will
readily be capable of generating sequences having at least
75%, 80%, 85%, 90%, 95%, or more than 95% identity to the
provided antigens. In certain embodiments, influenza anti-
gens can be polypeptides having at least 95%, 96%, 97%,
98%, or more identity to a domain NA, or a portion of a
domain NA, wherein the polypeptide retains immunogenic
activity. Percent sequence identity is determined as described
below. Sequences having sufficient identity to influenza anti-
gen(s) that retain immunogenic characteristics can be capable
of binding with antibodies that react with domains
(antigen(s)) provided herein Immunogenic characteristics
often include three dimensional presentation of relevant
amino acids or side groups. One skilled in the art can readily
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identify sequences with modest differences in sequence (e.g.,
with difference in boundaries and/or some sequence alterna-
tives, that, nonetheless preserve immunogenic characteris-
tics). Further, one will appreciate that any domains, partial
domains or regions of amino acid sequence of influenza anti-
gen (e.g., NA) which are immunogenic can be generated
using constructs and methods provided herein. Still further,
domains or subdomains can be combined, separately and/or
consecutively for production of influenza antigens.

Sequences of particular neuraminidase subtypes have been
used as exemplary antigens, as described in detail herein.
Various subtypes of influenza virus exist and continue to be
identified as new subtypes emerge. It will be understood by
one skilled in the art that the methods and compositions
provided herein can be adapted to utilize sequences of addi-
tional subtypes. Such variation is contemplated and encom-
passed within the methods and compositions provided herein.

Transgenic plants expressing influenza antigen(s) (e.g.,
influenza protein(s) or fragments thereof) can be used for
production in plant systems. Transgenic plants can be pro-
duced using methods well known in the art to generate stable
production crops, for example. Plants utilizing transient
expression systems also can be used for production of influ-
enza antigen(s). When utilizing plant expression systems,
whether transgenic or transient expression in plants is uti-
lized, any of nuclear expression, chloroplast expression,
mitochondrial expression, or viral expression can be used
according to the applicability of the system to antigen desired.
Furthermore, other expression systems for production of anti-
gens can be used. For example, mammalian expression sys-
tems (e.g., mammalian cell lines such as CHO cells), bacterial
expression systems (e.g., £. coli), insect expression systems
(e.g., baculovirus), yeast expression systems, and in vitro
expression systems (e.g., reticulate lysates) can be used to
express antigens.

Production of Influenza Antigens:

Influenza antigens (including influenza protein(s), frag-
ments, and/or variants thereof) can be produced in any desir-
able system; production is not limited to plant systems. Vector
constructs and expression systems are well known in the art
and can be adapted to incorporate use of influenza antigens
provided herein. For example, influenza antigens (including
fragments and/or variants) can be produced in known expres-
sion systems, including mammalian cell systems, transgenic
animals, microbial expression systems, insect cell systems,
and plant systems, including transgenic and transient plant
systems.

In some embodiments, influenza antigens can be produced
in plant systems. Plants are relatively easy to manipulate
genetically, and have several advantages over alternative
sources such as human fluids, animal cell lines, recombinant
microorganisms and transgenic animals. Plants have sophis-
ticated post-translational modification machinery for pro-
teins that is similar to that of mammals (although it should be
noted that there are some differences in glycosylation patterns
between plants and mammals). This enables production of
bioactive reagents in plant tissues. Also, plants can economi-
cally produce very large amounts of biomass without requir-
ing sophisticated facilities. Moreover, plants are not subject to
contamination with animal pathogens. Like liposomes and
microcapsules, plant cells are expected to provide protection
for passage of antigen to the gastrointestinal tract.

Plants can be utilized for production of heterologous pro-
teins via use of various production systems. One such system
includes use of transgenic/genetically-modified plants where
a gene encoding target product is permanently incorporated
into the genome of the plant. Transgenic systems can generate
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crop production systems. A variety of foreign proteins,
including many of mammalian origin and many vaccine can-
didate antigens, have been expressed in transgenic plants and
shown to have functional activity (Tacket et al. (2000) J.
Infect. Dis. 182:302; and Thanavala et al. (2005) Proc. Natl.
Acad. Sci. US4 102:3378). Additionally, administration of
unprocessed transgenic plants expressing hepatitis B major
surface antigen to non-immunized human volunteers resulted
in production of immune response (Kapusta et al. (1999)
FASEB J. 13:1796).

Another system for expressing polypeptides in plants uti-
lizes plant viral vectors engineered to express foreign
sequences (e.g., transient expression). This approach can
allow for use of healthy non-transgenic plants as rapid pro-
duction systems. Thus, genetically engineered plants and
plants infected with recombinant plant viruses can serve as
“green factories” to rapidly generate and produce specific
proteins of interest. Plant viruses have certain advantages that
make them attractive as expression vectors for foreign protein
production. Several members of plant RNA viruses have been
well characterized, and infectious cDNA clones are available
to facilitate genetic manipulation. Once infectious viral
genetic material enters a susceptible host cell, it replicates to
high levels and spreads rapidly throughout the entire plant.
There are several approaches to producing target polypep-
tides using plant viral expression vectors, including incorpo-
ration of target polypeptides into viral genomes. One
approach involves engineering coat proteins of viruses that
infect bacteria, animals or plants to function as carrier mol-
ecules for antigenic peptides. Such carrier proteins have the
potential to assemble and form recombinant virus-like par-
ticles displaying desired antigenic epitopes on their surface.
This approach allows for time-efficient production of antigen
and/or antibody candidates, since the particulate nature of an
antigen and/or antibody candidate facilitates easy and cost-
effective recovery from plant tissue. Additional advantages
include enhanced target-specific immunogenicity, the poten-
tial to incorporate multiple antigen determinants and/or anti-
body sequences, and ease of formulation into antigen and/or
antibody that can be delivered nasally or parenterally, for
example. As an example, spinach leaves containing recombi-
nant plant viral particles carrying epitopes of virus fused to
coat protein have generated immune response upon adminis-
tration (Modelska et al. (1998) Proc. Natl. Acad. Sci. USA
95:2481; and Yusibov et al. (2002) Vaccine 19/20:3155).
Plant Expression Systems

Any plant susceptible to incorporation and/or maintenance
of'heterologous nucleic acid and capable of producing heter-
ologous protein can be utilized. In general, it will often be
desirable to utilize plants that are amenable to growth under
defined conditions, for example in a greenhouse and/or in
aqueous systems. [t may be desirable to select plants that are
not typically consumed by human beings or domesticated
animals and/or are not typically part of the human food chain,
so that they can be grown outside without concern that
expressed polynucleotide may be undesirably ingested. In
some embodiments, however, it will be desirable to employ
edible plants. In particular embodiments, it will be desirable
to utilize plants that accumulate expressed polypeptides in
edible portions of the plant.

Often, certain desirable plant characteristics will be deter-
mined by the particular polynucleotide to be expressed. To
give but a few examples, when a polynucleotide encodes a
protein to be produced in high yield (as will often be the case,
for example, when antigen proteins are to be expressed), it
will often be desirable to select plants with relatively high
biomass (e.g., tobacco, which has additional advantages that
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it is highly susceptible to viral infection, has a short growth
period, and is not in the human food chain). Where a poly-
nucleotide encodes antigen protein whose full activity
requires (or is inhibited by) a particular post-translational
modification, the ability (or inability) of certain plant species
to accomplish relevant modification (e.g., a particular glyco-
sylation) may direct selection. For example, plants are
capable of accomplishing certain post-translational modifi-
cations (e.g., glycosylation), but plants will not generate sia-
lation patterns which are found in mammalian post-transla-
tional modification. Thus, plant production of antigen can
result in production of a different entity than the identical
protein sequence produced in alternative systems.

In some embodiments, crop plants, or crop-related plants
can be used. In some cases, edible plants can be utilized.

Suitable plants include, without limitation, Angiosperms,
Bryophytes (e.g., Hepaticae, Musci, etc.), Pteridophytes
(e.g., ferns, horsetails, lycopods), Gymnosperms (e.g., coni-
fers, cycase, Ginko, Gnetales), and Algae (e.g., Chloro-
phyceae, Phaeophyceae, Rhodophyceae, Myxophyceae,
Xanthophyceae, and Euglenophyceae). Exemplary plants are
members of the family Leguminosae (Fabaceae; e.g., pea,
alfalfa, soybean); Gramineae (Poaceae; e.g., corn, wheat,
rice); Solanaceae, particularly of the genus Lycopersicon
(e.g., tomato), Solanum (e.g., potato, eggplant), Capsium
(e.g., pepper), or Nicotiana (e.g., tobacco); Umbelliferae,
particularly of the genus Daucus (e.g., carrot), Apium (e.g.,
celery), or Rutaceae (e.g., oranges); Compositae, particularly
of the genus Lactuca (e.g., lettuce); Brassicaceae (Cru-
ciferae), particularly of the genus Brassica or Sinapis. In
certain aspects, exemplary plants can be plants of the Bras-
sica or Arabidopsis genus. Some exemplary Brassicaceae
family members include Brassica campestris, B. carinata, B.
Jjuncea, B. napus, B. nigra, B. oleraceae, B. tournifortii, Sina-
pis alba, and Raphanus sativus. Some suitable plants that are
amendable to transformation and are edible as sprouted seed-
lings include alfalfa, mung bean, radish, wheat, mustard,
spinach, carrot, beet, onion, garlic, celery, rhubarb, a leaty
plant such as cabbage or lettuce, watercress or cress, herbs
such as parsley, mint, or clovers, cauliflower, broccoli, soy-
bean, lentils, edible flowers such as sunflower etc.

Introducing Vectors into Plants:

In general, vectors can be delivered to plants according to
known techniques. For example, vectors themselves can be
directly applied to plants (e.g., via abrasive inoculations,
mechanized spray inoculations, vacuum infiltration, particle
bombardment, or electroporation). Alternatively or addition-
ally, virions can be prepared (e.g., from already infected
plants), and can be applied to other plants according to known
techniques.

A wide variety of viruses are known that infect various
plant species, and can be employed for polynucleotide
expression (see, for example, The Classification and Nomen-
clature of Viruses, “Sixth Report of the International Com-
mittee on Taxonomy of Viruses,” Ed. Murphy et al., Springer
Verlag: New York, 1995, the entire contents of which are
incorporated herein by reference; Grierson et al. Plant
Molecular Biology, Blackie, London, pp. 126-146, 1984;
Gluzman et al., Communications in Molecular Biology: Viral
Vectors, Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., pp. 172-189, 1988; and Mathew, Plant Viruses Online,
available online on the University of Idaho web site at “image
‘dot’ fs ‘dot” uidaho ‘dot’ edu ‘slash’ vide ‘slash’”). In some
embodiments, rather than delivering a single viral vectorto a
plant cell, multiple different vectors can be delivered that,
together, allow for replication (and, optionally cell-to-cell
and/or long distance movement) of viral vector(s). Some or
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all of the proteins can be encoded by the genome of transgenic
plants. In certain aspects, described in further detail herein,
these systems include one or more viral vector components.

Vector systems that include components of two heterolo-
gous plant viruses in order to achieve a system that readily
infects a wide range of plant types and yet poses little or no
risk of infectious spread. An exemplary system has been
described previously (see, e.g., PCT Publication WO
00/25574 and U.S. Patent Publication No. 2005/0026291,
which are incorporated herein by reference). As noted herein,
viral vectors can be applied to plants (e.g., whole plants,
portions of plants, sprouts, etc.) using various methods (e.g.,
through infiltration or mechanical inoculation, spray, etc.).
Where infection is to be accomplished by direct application
of a viral genome to a plant, any available technique can be
used to prepare the genome. For example, many viruses that
can be used have ssRNA genomes. ssSRNA can be prepared by
transcription of a DNA copy of the genome, or by replication
of'an RNA copy, either in vivo or in vitro. Given the readily
availability of easy-to-use in vitro transcription systems (e.g.,
SP6, T7, reticulocyte lysate, etc.), and also the convenience of
maintaining a DNA copy of an RNA vector, it is expected that
ssRNA vectors often will be prepared by in vitro transcrip-
tion, particularly with T7 or SP6 polymerase.

In some embodiments, rather than introducing a single
viral vector type into a plant, multiple different viral vectors
can be introduced. Such vectors can, for example, trans-
complement each other with respect to functions such as
replication, cell-to-cell movement, and/or long distance
movement. Vectors can contain different polynucleotides
encoding influenza antigens. Selection for plant(s) or por-
tions thereof that express multiple polypeptides encoding one
or more influenza antigen(s) can be performed as described
above for single polynucleotides or polypeptides.

Plant Tissue Expression Systems:

As discussed above, influenza antigens can be produced in
any suitable system. Vector constructs and expression sys-
tems are well known in the art and can be adapted to incor-
porate use of influenza antigens provided herein. For
example, transgenic plant production is known and genera-
tion of constructs and plant production can be adapted
according to known techniques in the art. In some embodi-
ments, transient expression systems in plants are desired. Two
of'these systems include production of clonal roots and clonal
plant systems, and derivatives thereof, as well as production
of sprouted seedlings systems.

Sprouts and Sprouted Seedling Plant Expression Systems:

Systems and reagents for generating a variety of sprouts
and sprouted seedlings which are useful for production of
influenza antigen(s) have been described previously and are
known in the art (see, for example, PCT Publication WO
04/43886, which is incorporated herein by reference). This
document further provides sprouted seedlings, which can be
edible, as a biomass containing an influenza antigen. In cer-
tain aspects, biomass is provided directly for consumption of
antigen containing compositions. In some aspects, biomass is
processed prior to consumption, for example, by homogeniz-
ing, crushing, drying, or extracting. In certain aspects, influ-
enza antigen is purified from biomass and formulated into a
pharmaceutical composition.

Additionally provided are methods for producing influenza
antigen(s) in sprouted seedlings that can be consumed or
harvested live (e.g., sprouts, sprouted seedlings of the Bras-
sica genus). In some embodiments, the method can involve
growing a seed to an edible sprouted seedling in a contained,
regulatable environment (e.g., indoors, in a container, etc.). A
seed can be a genetically engineered seed that contains an
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expression cassette encoding an influenza antigen, which
expression is driven by an exogenously inducible promoter. A
variety of promoters can be used that are exogenously induc-
ible by, for example, light, heat, phytohormones, or nutrients.

In some embodiments, methods of producing influenza
antigen(s) in sprouted seedlings can include first generating a
seed stock for a sprouted seedling by transforming plants with
an expression cassette that encodes influenza antigen using an
Agrobacterium transformation system, wherein expression of
an influenza antigen is driven by an inducible promoter.
Transgenic seeds can be obtained from a transformed plant,
grown in a contained, regulatable environment, and induced
to express an influenza antigen.

In some embodiments, methods are provided that involves
infecting sprouted seedlings with a viral expression cassette
encoding an influenza antigen, expression of which can be
driven by any of a viral promoter or an inducible promoter.
Sprouted seedlings can be grown for two to fourteen days in
a contained, regulatable environment or at least until suffi-
cient levels of influenza antigen have been obtained for con-
sumption or harvesting.

This document further provides systems for producing
influenza antigen(s) in sprouted seedlings that include a hous-
ing unit with climate control and a sprouted seedling contain-
ing an expression cassette that encodes one or more influenza
antigens, wherein expression is driven by a constitutive or
inducible promoter. The systems can provide unique advan-
tages over the outdoor environment or greenhouse, which
cannot be controlled. Thus, a grower can precisely time the
induction of expression of influenza antigen, which can
greatly reduce time and cost of producing influenza
antigen(s).

In certain aspects, transiently transfected sprouts contain
viral vector sequences encoding an influenza antigen. Seed-
lings can be grown for a time period so as to allow for
production of viral nucleic acid in sprouts, followed by a
period of growth wherein multiple copies of virus are pro-
duced, thereby resulting in production of influenza
antigen(s).

Incertain aspects, genetically engineered seeds or embryos
that contain a nucleic acid encoding influenza antigen(s) can
be grown to sprouted seedling stage in a contained, regulat-
able environment. The contained, regulatable environment
can be a housing unit or room in which seeds can be grown
indoors. All environmental factors of a contained, regulatable
environment can be controlled. Since sprouts do not require
light to grow, and lighting can be expensive, genetically engi-
neered seeds or embryos can be grown to sprouted seedling
stage indoors in the absence of light.

Other environmental factors that can be regulated in a
contained, regulatable environment include temperature,
humidity, water, nutrients, gas (e.g., O, or CO, content or air
circulation), chemicals (small molecules such as sugars and
sugar derivatives or hormones such as such as phytohormones
gibberellic or absisic acid, etc.) and the like.

According to certain embodiments, expression of a nucleic
acid encoding an influenza antigen can be controlled by an
exogenously inducible promoter. Exogenously inducible pro-
moters can be caused to increase or decrease expression of a
nucleic acid in response to an external, rather than an internal
stimulus. A number of environmental factors can act as induc-
ers for expression of nucleic acids carried by expression
cassettes of genetically engineered sprouts. A promoter can
be a heat-inducible promoter, such as a heat-shock promoter.
For example, using as heat-shock promoter, temperature of a
contained environment can simply be raised to induce expres-
sion of'a nucleic acid. Other promoters include light inducible
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promoters. Light-inducible promoters can be maintained as
constitutive promoters if light in a contained regulatable envi-
ronment is always on. Alternatively or additionally, expres-
sion of a nucleic acid can be turned on at a particular time
during development by simply turning on the light. A pro-
moter can be a chemically inducible promoter is used to
induce expression of a nucleic acid. According to these
embodiments, a chemical could simply be misted or sprayed
onto seed, embryo, or seedling to induce expression of
nucleic acid. Spraying and misting can be precisely con-
trolled and directed onto target seed, embryo, or seedling to
which it is intended. The contained environment is devoid of
wind or air currents, which could disperse chemical away
from intended target, so that the chemical stays on the target
for which it was intended.

Time of expression can be induced can be selected to
maximize expression of an influenza antigen in sprouted
seedling by the time of harvest. Inducing expression in an
embryo at a particular stage of growth, for example, inducing
expression in an embryo at a particular number of days after
germination, can result in maximum synthesis of an influenza
antigen at the time of harvest. For example, inducing expres-
sion from the promoter 4 days after germination can result in
more protein synthesis than inducing expression from the
promoter after 3 days or after 5 days. Those skilled in the art
will appreciate that maximizing expression can be achieved
by routine experimentation. In some embodiments, sprouted
seedlings can be harvested at about 1,2, 3,4, 5,6,7,8, 9, 10,
11,12, 13,14, 15,16, 17, 18, 19, 20, 21, 28, or more than 28
days after germination. In some embodiments, sprouted seed-
lings can be harvested at about

In cases where the expression vector has a constitutive
promoter instead of an inducible promoter, sprouted seedling
may be harvested at a certain time after transformation of
sprouted seedling. For example, if a sprouted seedling were
virally transformed at an early stage of development, for
example, at embryo stage, sprouted seedlings may be har-
vested at a time when expression is at its maximum post-
transformation, e.g., at up to about 1 day, up to about 2 days,
up to about 3 days, up to about 4 days, up to about 5 days, up
to about 6 days, up to about 7 days, up to about 8 days, up to
about 9 days, up to about 10 days, up to about 11 days, up to
about 12 days, up to about 13 days, up to about 14 days, up to
about 15 days, up to about 16 days, up to about 17 days, up to
about 18 days, up to about 19 days, up to about 20 days, up to
about 21 days, up to about 22 days, up to about 23 days, up to
about 24 days, up to about 25 days, up to about 26 days, up to
about 27 days, up to about 28 days, up to about 29 days, up to
about 30 days post-transformation. It could be that sprouts
develop one, two, three or more months post-transformation,
depending on germination of seed.

Generally, once expression of influenza antigen(s) begins,
seeds, embryos, or sprouted seedlings can be allowed to grow
until sufficient levels of influenza antigen(s) are expressed. In
certain aspects, sufficient levels can be levels that would
provide a therapeutic benefit to a patient if harvested biomass
were eaten raw. Alternatively or additionally, sufficient levels
can be levels from which influenza antigen can be concen-
trated or purified from biomass and formulated into a phar-
maceutical composition that provides a therapeutic benefit to
a patient upon administration. Typically, influenza antigen is
not a protein expressed in sprouted seedling in nature. At any
rate, influenza antigen is typically expressed at concentra-
tions above that which would be present in a sprouted seed-
ling in nature.

Once expression of influenza antigen is induced, growth is
allowed to continue until sprouted seedling stage, at which
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time sprouted seedlings can be harvested. Sprouted seedlings
can be harvested live. Harvesting live sprouted seedlings has
several advantages including minimal effort and breakage.
Sprouted seedlings can be grown hydroponically, making
harvesting a simple matter of lifting the sprouted seedling
from its hydroponic solution. No soil is required for growth of
the sprouted seedlings, but may be provided if deemed nec-
essary or desirable by the skilled artisan. Because sprouts can
be grown without soil, no cleansing of sprouted seedling
material is required at the time of harvest. Being able to
harvest the sprouted seedling directly from its hydroponic
environment without washing or scrubbing minimizes break-
age of the harvested material. Breakage and wilting of plants
induces apoptosis. During apoptosis, certain proteolytic
enzymes become active, which can degrade pharmaceutical
protein expressed in the sprouted seedling, resulting in
decreased therapeutic activity of the protein. Apoptosis-in-
duced proteolysis can significantly decrease yield of protein
from mature plants. Using methods as described herein, apo-
ptosis can be avoided when no harvesting takes place until the
moment proteins are extracted from the plant.

For example, live sprouts can be ground, crushed, or
blended to produce a slurry of sprouted seedling biomass, in
a buffer containing protease inhibitors. Buffer can be main-
tained at about 4° C. In some aspects, sprouted seedling
biomass is air-dried, spray dried, frozen, or freeze-dried. As in
mature plants, some of these methods, such as air-drying, can
resultin aloss of activity of pharmaceutical protein. However,
because sprouted seedlings are very small and have a large
surface area to volume ratio, this is much less likely to occur.
Those skilled in the art will appreciate that many techniques
for harvesting biomass that minimize proteolysis of
expressed protein are available and could be applied.

In some embodiments, sprouted seedlings can be edible. In
certain embodiments, sprouted seedlings expressing suffi-
cient levels of influenza antigens can be consumed upon
harvesting (e.g., immediately after harvest, within minimal
period following harvest) so that absolutely no processing
occurs before sprouted seedlings are consumed. In this way,
any harvest-induced proteolytic breakdown of influenza anti-
gen before administration of influenza antigen to a patient in
need of treatment is minimized. For example, sprouted seed-
lings that are ready to be consumed can be delivered directly
to a patient. Alternatively or additionally, genetically engi-
neered seeds or embryos can be delivered to a patient in need
of treatment and grown to sprouted seedling stage by a
patient. In one aspect, a supply of genetically engineered
sprouted seedlings is provided to a patient, or to a doctor who
will be treating patients, so that a continual stock of sprouted
seedlings expressing certain desirable influenza antigens can
be cultivated. This can be particularly valuable for popula-
tions in developing countries, where expensive pharmaceuti-
cals are not affordable or deliverable. The ease with which
sprouted seedlings can be grown makes sprouted seedlings
particularly desirable for such developing populations.

The regulatable nature of the contained environment
imparts advantages over growing plants in the outdoor envi-
ronment. In general, growing genetically engineered
sprouted seedlings that express pharmaceutical proteins in
plants provides a pharmaceutical product faster (because
plants can be harvested younger) and with less effort, risk,
and regulatory considerations than growing genetically engi-
neered plants. The contained, regulatable environment can
reduce or eliminate risk of cross-pollinating plants in nature.

For example, a heat inducible promoter likely would not be
used outdoors because outdoor temperature cannot be con-
trolled. The promoter would be turned on any time outdoor
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temperature rose above a certain level. Similarly, the pro-
moter would be turned off every time outdoor temperature
dropped. Such temperature shifts could occur in a single day,
for example, turning expression on in the daytime and off at
night. A heat inducible promoter, such as those described
herein, would not even be practical for use in a greenhouse,
which is susceptible to climatic shifts to almost the same
degree as outdoors. Growth of genetically engineered plants
in a greenhouse is quite costly. In contrast, in the present
system, every variable can be controlled so that the maximum
amount of expression can be achieved with every harvest.

In certain embodiments, sprouted seedlings can be grown
in trays that can be watered, sprayed, or misted at any time
during development of sprouted seedling. For example, a tray
can be fitted with one or more watering, spraying, misting,
and draining apparatus that can deliver and/or remove water,
nutrients, chemicals etc. at specific time and at precise quan-
tities during development of a sprouted seedling. For
example, seeds require sufficient moisture to keep them
damp. Excess moisture drains through holes in trays into
drains in the floor of the room. Typically, drainage water is
treated as appropriate for removal of harmful chemicals
before discharge back into the environment.

Another advantage of trays is that they can be contained
within a very small space. Since no light is required for
sprouted seedlings to grow, trays containing seeds, embryos,
or sprouted seedlings can be tightly stacked vertically on top
of one another, providing a large quantity of biomass per unit
floor space in a housing facility constructed specifically for
these purposes. In addition, stacks of trays can be arranged in
horizontal rows within the housing unit. Once seedlings have
grown to a stage appropriate for harvest (about two to four-
teen days) individual seedling trays can be moved into a
processing facility, either manually or by automatic means,
such as a conveyor belt.

The system is unique in that it provides a sprouted seedling
biomass, which is a source of an influenza antigen(s).
Whether consumed directly or processed into the form of a
pharmaceutical composition, because sprouted seedlings can
be grown in a contained, regulatable environment, sprouted
seedling biomass and/or pharmaceutical composition derived
from biomass can be provided to a consumer at low cost. In
addition, the fact that the conditions for growth of the
sprouted seedlings can be controlled makes the quality and
purity of product consistent. The contained, regulatable envi-
ronment can obviate many safety regulations of the EPA that
can prevent scientists from growing genetically engineered
agricultural products outdoors.

Transformed Sprouts:

A variety of methods can be used to transform plant cells
and produce genetically engineered sprouted seedlings. Two
available methods for transformation of plants that require
that transgenic plant cell lines be generated in vitro, followed
by regeneration of cell lines into whole plants include Agro-
bacterium tumefaciens mediated gene transfer and micro-
projectile bombardment or electroporation. Viral transforma-
tion is a more rapid and less costly method of transforming
embryos and sprouted seedlings that can be harvested without
an experimental or generational lag prior to obtaining desired
product. For any of these techniques, the skilled artisan would
appreciate how to adjust and optimize transformation proto-
cols that have traditionally been used for plants, seeds,
embryos, or spouted seedlings.

Agrobacterium Transformation Expression Cassettes:

Agrobacterium is a representative genus of the gram-nega-
tive family Rhizobiaceae. This species is responsible for plant
tumors such as crown gall and hairy root disease. In dediffer-
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entiated plant tissue, which is characteristic of tumors, amino
acid derivatives known as opines can be produced by the
Agrobacterium and catabolized by the plant. The bacterial
genes responsible for expression of opines are a convenient
source of control elements for chimeric expression cassettes.
In some cases, an Agrobacterium transformation system can
be used to generate edible sprouted seedlings, which can be
merely harvested earlier than mature plants. Agrobacterium
transformation methods can easily be applied to regenerate
sprouted seedlings expressing influenza antigens.

In general, transforming plants involves transformation of
plant cells grown in tissue culture by co-cultivation with an
Agrobacterium tumefaciens carrying a plant/bacterial vector.
The vector contains a gene encoding an influenza antigen.
The Agrobacterium transfers vector to plant host cell and is
then eliminated using antibiotic treatment. Transformed plant
cells expressing influenza antigen can be selected, differen-
tiated, and finally regenerated into complete plantlets (Hel-
lens et al. (2000) Plant Mol. Biol. 42:819; Pilon-Smits et al.
(1999) Plant Physiolog. 119:123; Barfield et al. (1991) Plant
Cell Reports 10:308; and Riva et al. (1998) J. Biotech. 1(3).

Expression vectors can include a gene (or expression cas-
sette) encoding an influenza antigen designed for operation in
plants, with companion sequences upstream and downstream
of the expression cassette. The companion sequences gener-
ally can be of plasmid or viral origin and provide necessary
characteristics to the vector to transfer DNA from bacteria to
the desired plant host.

The basic bacterial/plant vector construct can provide a
broad host range prokaryote replication origin, a prokaryote
selectable marker. Suitable prokaryotic selectable markers
include resistance toward antibiotics such as ampicillin or
tetracycline. Other DNA sequences encoding additional
functions that are well known in the art can be present in the
vector.

Agrobacterium T-DNA sequences are required for Agro-
bacterium mediated transfer of DNA to the plant chromo-
some. The tumor-inducing genes of T-DNA typically are
removed and replaced with sequences encoding an influenza
antigen. T-DNA border sequences can be retained because
they initiate integration of the T-DNA region into the plant
genome. If expression of influenza antigen is not readily
amenable to detection, the bacterial/plant vector construct
can include a selectable marker gene suitable for determining
if a plant cell has been transformed, e.g., a nptll kanamycin
resistance gene. On the same or different bacterial/plant vec-
tor (Ti plasmid) are Ti sequences. Ti sequences include viru-
lence genes, which encode a set of proteins responsible for
excision, transfer and integration of T-DNA into the plant
genome (Schell (1987) Science 237:1176). Other sequences
suitable for permitting integration of heterologous sequence
into the plant genome can include transposon sequences, and
the like, for homologous recombination.

Certain constructs will include an expression cassette
encoding an antigen protein. One, two, or more expression
cassettes can be used in a given transformation. The recom-
binant expression cassette contains, in addition to an influ-
enza antigen encoding sequence, at least the following ele-
ments: a promoter region, plant 5' untranslated sequences,
initiation codon (depending upon whether or not an expressed
gene has its own), and transcription and translation termina-
tion sequences. In addition, transcription and translation ter-
minators can be included in expression cassettes or chimeric
genes. Signal secretion sequences that allow processing and
translocation of a protein, as appropriate, can be included in
the expression cassette. A variety of promoters, signal
sequences, and transcription and translation terminators are
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described (see, for example, Lawton et al. (1987) Plant Mol.
Biol. 9:315; U.S. Pat. No. 5,888,789, incorporated herein by
reference). In addition, structural genes for antibiotic resis-
tance are commonly utilized as a selection factor (Fraley et al.
(1983) Proc. Natl. Acad. Sci. USA 80:4803, incorporated
herein by reference). Unique restriction enzyme sites at the 5'
and 3' ends of a cassette allow for easy insertion into a pre-
existing vector. Other binary vector systems for Agrobacte-
rium-mediated transformation, carrying at least one T-DNA
border sequence are described in PCT/EP99/07414, incorpo-
rated herein by reference.

Regeneration:

Seeds of transformed plants can be harvested, dried,
cleaned, and tested for viability and for the presence and
expression of a desired gene product. Once this has been
determined, seed stock is typically stored under appropriate
conditions of temperature, humidity, sanitation, and security
to be used when necessary. Whole plants then can be regen-
erated from cultured protoplasts as described (see, e.g., Evans
et al. Handbook of Plant Cell Cultures, Vol. 1: MacMillan
Publishing Co. New York, 1983; and Vasil (ed.), Cell Culture
and Somatic Cell Genetics of Plants, Acad. Press, Orlando,
Fla., Vol. I, 1984, and Vol. III, 1986, incorporated herein by
reference). In certain aspects, plants can be regenerated only
to sprouted seedling stage. In some aspects, whole plants can
be regenerated to produce seed stocks and sprouted seedlings
can be generated from seeds of the seed stock.

All plants from which protoplasts can be isolated and cul-
tured to give whole, regenerated plants can be transformed so
that whole plants can be recovered that contain a transferred
gene. It is known that practically all plants can be regenerated
from cultured cells or tissues, including, but not limited to, all
major species of plants that produce edible sprouts. Some
suitable plants include Nicotiana species such as tobacco,
alfalfa, mung bean, radish, wheat, mustard, spinach, carrot,
beet, onion, garlic, celery, thubarb, a leafy plant such as
cabbage or lettuce, watercress or cress, herbs such as parsley,
mint, or clovers, cauliflower, broccoli, soybean, lentils, and
edible flowers such as sunflower, etc.

Means for regeneration vary from one species of plants to
the next. However, those skilled in the art will appreciate that
generally a suspension of transformed protoplants containing
copies of aheterologous gene is first provided. Callus tissue is
formed and shoots can be induced from callus and subse-
quently rooted. Alternatively or additionally, embryo forma-
tion can be induced from a protoplast suspension. These
embryos germinate as natural embryos to form plants. Steep-
ing seed in water or spraying seed with water to increase the
moisture content of the seed to between 35-45% initiates
germination. For germination to proceed, seeds typically can
be maintained in air saturated with water under controlled
temperature and airflow conditions. The culture media will
generally contain various amino acids and hormones, such as
auxin and cytokinins. It is advantageous to add glutamic acid
and proline to the medium, especially for such species as
alfalfa. Shoots and roots normally develop simultaneously.
Efficient regeneration will depend on the medium, the geno-
type, and the history of the culture. If these three variables can
be controlled, then regeneration is fully reproducible and
repeatable.

The mature plants, grown from transformed plant cells, can
be selfed and non-segregating, homozygous transgenic plants
can be identified. An inbred plant can produce seeds contain-
ing antigen-encoding sequences. Such seeds can be germi-
nated and grown to sprouted seedling stage to produce influ-
enza antigen(s).
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In related embodiments, seeds can be formed into seed
products and sold with instructions on how to grow seedlings
to the appropriate sprouted seedling stage for administration
or harvesting into a pharmaceutical composition. In some
embodiments, hybrids or novel varieties embodying desired
traits can be developed from inbred plants.

Direct Integration:

Direct integration of DNA fragments into the genome of
plant cells by microprojectile bombardment or electropora-
tion can be used (see, e.g., Kikkert et al. (1999) Ir Vitro
Cellular & Developmental Biology. Plant: Journal of the
Tissue Culture Association 35:43; and Bates (1994) Mol.
Biotech. 2:135). More particularly, vectors that express influ-
enza antigen(s) can be introduced into plant cells by a variety
of'techniques. As described above, vectors can include select-
able markers for use in plant cells. Vectors can include
sequences that allow their selection and propagation in a
secondary host, such as sequences containing an origin of
replication and selectable marker. Typically, secondary hosts
include bacteria and yeast. In one embodiment, a secondary
host is bacteria (e.g., Escherichia coli, the origin of replica-
tion is a colE1-type origin of replication) and a selectable
marker is a gene encoding ampicillin resistance. Such
sequences are well known in the art and are commercially
available (e.g., Clontech, Palo Alto, Calif. or Stratagene, La
Jolla, Calif.).

Vectors can be modified to intermediate plant transforma-
tion plasmids that contain a region of homology to an Agro-
bacterium tumefaciens vector, a T-DNA border region from
Agrobacterium tumefaciens, and antigen encoding nucleic
acids or expression cassettes described above. Further vectors
can include a disarmed plant tumor inducing plasmid of Agro-
bacterium tumefaciens.

Direct transformation of vectors can involve microinject-
ing vectors directly into plant cells by use of micropipettes to
mechanically transfer recombinant DNA (see, e.g., Crossway
(1985) Mol. Gen. Genet. 202:179). Genetic material can be
transferred into a plant cell using polyethylene glycols (see,
e.g., Krens et al. (1982) Nature 296:72). Another method of
introducing nucleic acids into plants via high velocity ballis-
tic penetration by small particles with a nucleic acid either
within the matrix of small beads or particles, or on the surface
(see, e.g., Klein et al. (1987) Nature 327:70; and Knudsen et
al. (1991) Planta 185:330). Yet another method of introduc-
tion is fusion of protoplasts with other entities, either mini-
cells, cells, lysosomes, or other fusible lipid-surfaced bodies
(see, e.g., Fraley et al. (1982) Proc. Natl. Acad. Sci. USA
79:1859). Vectors can be introduced into plant cells by, for
example, electroporation (see, e.g., Fromm et al. (1985) Proc.
Natl. Acad. Sci. USA 82:5824). According to this technique,
plant protoplasts can be electroporate in the presence of plas-
mids containing a gene construct. Electrical impulses of high
field strength reversibly permeabilize biomembranes allow-
ing introduction of plasmids. Electroporated plant protoplasts
reformthe cell wall divide and form plant callus, which can be
regenerated to form sprouted seedlings. Those skilled in the
art will appreciate how to utilize these methods to transform
plants cells that can be used to generate edible sprouted seed-
lings.

Viral Transformation:

Similar to conventional expression systems, plant viral
vectors can be used to produce full-length proteins, including
full length antigen. Plant virus vectors can be used to infect
and produce antigen(s) in seeds, embryos, sprouted seed-
lings, etc. Viral system that can be used to express everything
from short peptides to large complex proteins. Specifically,
using tobamoviral vectors is described (see, for example,
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McCormick et al. (1999) Proc. Natl. Acad. Sci. US4 96:703;
Kumagai et al. (2000) Gene 245:169; and Verch et al. (1998)
J. Immunol. Methods 220:69). Thus, plant viral vectors have
a demonstrated ability to express short peptides as well as
large complex proteins.

In certain embodiments, transgenic sprouts, which express
influenza antigen, can be generated utilizing a host/virus sys-
tem. Transgenic sprouts produced by viral infection provide a
source of transgenic protein that has already been demon-
strated to be safe. For example, sprouts are free of contami-
nation with animal pathogens. In addition, a virus/sprout
system offers a much simpler, less expensive route for scale-
up and manufacturing, since transgenes can be introduced
into virus, which can be grown up to a commercial scale
within a few days. In contrast, transgenic plants can require
up to 5-7 years before sufficient seeds or plant material is
available for large-scale trials or commercialization.

Plant RNA viruses can have certain advantages that make
them attractive as vectors for foreign protein expression. The
molecular biology and pathology of a number of plant RNA
viruses are well characterized and there is considerable
knowledge of virus biology, genetics, and regulatory
sequences. Most plant RNA viruses have small genomes and
infectious ¢cDNA clones are available to facilitate genetic
manipulation. Once infectious virus material enters a suscep-
tible host cell, it replicates to high levels and spreads rapidly
throughout the entire sprouted seedling (one to ten days post
inoculation). Virus particles are easily and economically
recovered from infected sprouted seedling tissue. Viruses
have a wide host range, enabling use of a single construct for
infection of several susceptible species. These characteristics
are readily transferable to sprouts.

Foreign sequences can be expressed from plant RNA
viruses, typically by replacing one of viral genes with desired
sequence, by inserting foreign sequences into the virus
genome at an appropriate position, or by fusing foreign pep-
tides to structural proteins of a virus. Moreover, any of these
approaches can be combined to express foreign sequences by
trans-complementation of vital functions of a virus. A number
of different strategies exist as tools to express foreign
sequences in virus-infected plants using tobacco mosaic virus
(TMV), alfalfa mosaic virus (AIMV), and chimeras thereof.

TMYV, the prototype of tobamoviruses, has a genome con-
sisting of a single plus-sense RNA encapsidated with a 17.0
kD CP, which results in rod-shaped particles (300 nm in
length). CP is the only structural protein of TMV and is
required for encapsidation and long distance movement of
virus in an infected host (Saito et al. (1990) FVirology 176:
329). 183 and 126 kD proteins are translated from genomic
RNA and are required for virus replication (Ishikawa et al.
(1986) Nucleic Acids Res. 14:8291). 30 kD protein is the
cell-to-cell movement protein of virus (Meshi et al. (1987)
EMBOJ. 6:2557). Movement and coat proteins are translated
from subgenomic mRNAs (Hunter et al. (1976) Nature 260:
759; Bruening et al. (1976) Virology 71:498; and Beachy et al.
(1976) Virology 73:498; each of which is incorporated herein
by reference).

Other methods of transforming plant tissues include trans-
forming the flower of the plant. Transformation of Arabidop-
sis thaliana can be achieved by dipping plant flowers into a
solution of Agrobacterium tumefaciens (Curtis et al. (2001)
Transgenic Research 10:363; Qing et al. (2000) Molecular
Breeding: New Strategies in Plant Improvement 1:67). Trans-
formed plants can be formed in the population of seeds gen-
erated by “dipped” plants. At a specific point during flower
development, a pore exists in the ovary wall through which
Agrobacterium tumefaciens gains access to the interior of the
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ovary. Once inside the ovary, the Agrobacterium tumefaciens
proliferates and transforms individual ovules (Desfeux et al.
(2000) Plant Physiol. 123:895). Transformed ovules follow
the typical pathway of seed formation within the ovary.

Production and Isolation of Antigen:

In general, standard methods known in the art can be used
for culturing or growing plants, plant cells, and/or plant tis-
sues (e.g., clonal plants, clonal plant cells, leaves, sprouts, and
sprouted seedlings) for production of antigen(s). A wide vari-
ety of culture media and bioreactors have been employed to
culture hairy root cells, root cell lines, and plant cells (see, for
example, Giri et al. (2000) Biotechnol. Adv. 18:1; Rao et al.
(2002) Biotechnol. Adv. 20:101; and references in both of the
foregoing, all of which are incorporated herein by reference.
Clonal plants can be grown in any suitable manner.

In some embodiments, an influenza antigen can be
expressed in a plant or portion thereof. Proteins can be iso-
lated and purified in accordance with conventional conditions
and techniques known in the art. These include methods such
as extraction, precipitation, chromatography, affinity chro-
matography, electrophoresis, and the like. This document
provides for purification and affordable scaling up of produc-
tion of influenza antigen(s) using any of a variety of plant
expression systems known in the art and provided herein,
including viral plant expression systems described herein.

In some embodiments, it can be desirable to isolate influ-
enza antigen(s) for generation of antibody products and/or
desirable to isolate influenza antibody or antigen binding
fragment produced. Where a protein is produced from plant
tissue(s) or a portion thereof, e.g., roots, root cells, plants,
plant cells, that express them, methods described in further
detail herein, or any applicable methods known in the art can
be used for any of partial or complete isolation from plant
material. Where it is desirable to isolate the expression prod-
uct from some or all of plant cells or tissues that express it, any
available purification techniques can be employed. Those of
ordinary skill in the art are familiar with a wide range of
fractionation and separation procedures (see, for example,
Scopes et al., Protein Purification: Principles and Practice,
3'?Ed., Janson et al., 1993; Protein Purification: Principles,
High Resolution Methods, and Applications, Wiley-VCH,
1998; Springer-Verlag, NY, 1993; and Roe, Protein Purifica-
tion Techniques, Oxford University Press, 2001; each of
which is incorporated herein by reference). In some embodi-
ments, it can be desirable to render the product more than
about 50%, 60%, 70%, 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% pure. See, e.g., U.S. Pat.
Nos. 6,740,740 and 6,841,659 for discussion of certain meth-
ods useful for purifying substances from plant tissues or
fluids.

Those skilled in the art will appreciate that a method of
obtaining desired influenza antigen(s) product(s) is by extrac-
tion. Plant material (e.g., roots, leaves, etc.) can be extracted
to remove desired products from residual biomass, thereby
increasing the concentration and purity of product. Plants can
be extracted in a buffered solution. For example, plant mate-
rial can be transferred into an amount of ice-cold water at a
ratio of one to one by weight that has been buffered with, e.g.,
phosphate buffer. Protease inhibitors can be added as
required. Plant material can be disrupted by vigorous blend-
ing or grinding while suspended in buffer solution and
extracted biomass removed by filtration or centrifugation.
The product carried in solution can be further purified by
additional steps or converted to a dry powder by freeze-drying
or precipitation. Extraction can be carried out by pressing.
Plants or roots can be extracted by pressing in a press or by
being crushed as they are passed through closely spaced
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rollers. Fluids expressed from crushed plants or roots are
collected and processed according to methods well known in
the art. Extraction by pressing allows release of products in a
more concentrated form. However, overall yield of product
may be lower than if product were extracted in solution.
Antibodies

This document provides anti-influenza neuraminidase
antibodies that can be used, for example, for therapeutic
and/or prophylactic purposes, such as treatment of influenza
infection. In some embodiments, anti-influenza antibodies
can be produced by plant(s) or portions thereof (e.g., roots,
cells, sprouts, or cell line), using materials and methods
described herein, for example. In some cases, influenza anti-
bodies can be expressed in plants, plant cells, and/or plant
tissues (e.g., sprouts, sprouted seedlings, leaves, roots, root
culture, clonal cells, clonal cell lines, and clonal plants), and
can be used directly from plant or partially purified or purified
in preparation for pharmaceutical administration to a subject.

Monoclonal Antibodies:

Various methods for generating monoclonal antibodies
(mAbs) are well known in the art. See, e.g., the methods
described in U.S. Pat. No. 4,196,265, incorporated herein by
reference. The most standard monoclonal antibody genera-
tion techniques generally begin along the same lines as those
for preparing polyclonal antibodies (Antibodies: A Labora-
tory Manual, Cold Spring Harbor Laboratory, 1988, which is
hereby incorporated by reference). Typically, a suitable ani-
mal can be immunized with a selected immunogen to stimu-
late antibody-producing cells. Rodents such as mice and rats
are exemplary animals, although rabbits, sheep, frogs, and
chickens also can be used. Mice can be particularly useful
(e.g., BALB/c mice are routinely used and generally give a
higher percentage of stable fusions).

Following immunization, somatic cells with the potential
for producing the desired antibodies, specifically B lympho-
cytes (B cells), can be selected for use in MAb generation and
fusion with cells of an immortal myeloma cell, generally one
of the same species as the animal that was immunized.
Myeloma cell lines suited for use in hybridoma-producing
fusion procedures typically are non-antibody-producing,
have high fusion efficiency, and enzyme deficiencies that
render then incapable of growing in certain selective media
which support the growth of only the desired fused cells
(hybridomas). Any one of a number of myeloma cells can be
used, as are known to those of skill in the art. For example,
where the immunized animal is a mouse, one can use P3-X63/
Ag8, X63-Ag8.653, NS1/1.Ag 4 1, Sp210-Agl4, FO, NSO/
U, MPC-11, MPC11-X45-GTG 1.7 and S194/5XX0 Bul; for
rats, one can use R210.RCY3,Y3-Ag 1.2.3, IR983F, 4B210
or one of the above listed mouse cell lines. U-266, GM1500-
GRG2, LICR-LON-HMy?2 and UC729-6, all can be useful in
connection with human cell fusions.

This culturing can provide a population of hybridomas
from which specific hybridomas can be selected, followed by
serial dilution and cloning into individual antibody producing
lines, which can be propagated indefinitely for production of
antibody.

MAbs produced generally can be further purified, e.g.,
using filtration, centrifugation and various chromatographic
methods, such as HPLC or affinity chromatography, all of
which purification techniques are well known to those of skill
in the art. These purification techniques each involve fraction-
ation to separate the desired antibody from other components
of a mixture. Analytical methods particularly suited to the
preparation of antibodies include, for example, protein
A-Sepharose and/or protein G-Sepharose chromatography.
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As described in the Examples below, the 2B9 anti-N1INA
monoclonal antibody has a light chain amino acid sequence
as set forth in SEQ ID NO:5 and a heavy chain amino acid
sequence as set forth in SEQ ID NO:6. The variable region of
the light chain is encoded by amino acids 1-127 of SEQ ID
NO:5, and the variable region of the heavy chain is encoded
by amino acids 1-137 of SEQ ID NO:6. Thus, this document
provides an isolated monoclonal antibody that binds
neuraminidase, wherein the antibody includes a light chain
variable region amino acid sequence as set forth in amino
acids 1 to 127 of SEQ ID NO:5, and a heavy chain variable
region amino acid sequence as set forth in amino acids 1 to
137 of SEQID NO:6, and wherein the antibody has the ability
to inhibit neuraminidase enzyme activity. The ability of a
particular antibody to inhibit neuraminidase activity can be
evaluated using, for example, the methods disclosed in the
Examples herein.

Antibody Fragments and Derivatives:

Irrespective of the source of the original antibody against a
neuraminidase, either the intact antibody, antibody multim-
ers, or any one of a variety of functional, antigen-binding
regions of the antibody can be used. Exemplary functional
regions include scFv, Fv, Fab', Fab and F(ab'), fragments of
antibodies. Techniques for preparing such constructs are well
known to those in the art and are further exemplified herein.

The choice of antibody construct can be influenced by
various factors. For example, prolonged half-life can result
from the active readsorption of intact antibodies within the
kidney, a property of the Fc piece of immunoglobulin. IgG
based antibodies, therefore, are expected to exhibit slower
blood clearance than their Fab' counterparts. However, Fab'
fragment-based compositions will generally exhibit better
tissue penetrating capability.

Antibody fragments can be obtained by proteolysis of the
whole immunoglobulin by the non-specific thiolprotease,
papain. Papain digestion yields two identical antigen-binding
fragments, termed “Fab fragments,” each with a single anti-
gen-binding site, and a residual “Fc fragment.” The various
fractions can be separated by protein A-Sepharose or ion
exchange chromatography.

The usual procedure for preparation of F(ab'), fragments
from IgG of rabbit and human origin is limited proteolysis by
the enzyme pepsin. Pepsin treatment of intact antibodies
yields an F(ab'), fragment that has two antigen-combining
sites and is still capable of cross-linking antigen.

A Fab fragment contains the constant domain of the light
chain and the first constant domain (CH1) of the heavy chain.
Fab' fragments differ from Fab fragments by the addition of'a
few residues at the carboxyl terminus of the heavy chain CH1
domain including one or more cysteine(s) from the antibody
hinge region. F(ab'), antibody fragments were originally pro-
duced as pairs of Fab' fragments that have hinge cysteines
between them. Other chemical couplings of antibody frag-
ments are known.

An “Fv” fragment is the minimum antibody fragment that
contains a complete antigen-recognition and binding site.
This region consists of a dimer of one heavy chain and one
light chain variable domain in tight, con-covalent association.
It is in this configuration that three hypervariable regions of
each variable domain interact to define an antigen-binding
site on the surface of'the V-V, dimer Collectively, six hyper-
variable regions confer antigen-binding specificity to the anti-
body. However, even a single variable domain (or half of an
Fv comprising only three hypervariable regions specific for
an antigen) has the ability to recognize and bind antigen,
although at a lower affinity than the entire binding site.
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“Single-chain Fv” or “scFv” antibody fragments (now
known as “single chains™) comprise the Vand V, domains
of an antibody, wherein these domains can be present in a
single polypeptide chain. Generally, the Fv polypeptide fur-
ther comprises a polypeptide linker between V and V,
domains that enables sFv to form the desired structure for
antigen binding.

The following patents are incorporated herein by reference
for the purposes of even further supplementing the present
teachings regarding the preparation and use of functional,
antigen-binding regions of antibodies, including scFv, Fv,
Fab', Fab and F(ab"), fragments of antibodies: U.S. Pat. Nos.
5,855,866, 5,877,289; 5,965,132, 6,093,399; 6,261,535; and
6,004,555. WO 98/45331 is also incorporated herein by ref-
erence for purposes including even further describing and
teaching the preparation of variable, hypervariable and
complementarity determining (CDR) regions of antibodies.

“Diabodies™ are small antibody fragments with two anti-
gen-binding sites, which fragments comprise a heavy chain
variable domain (V) connected to a light chain variable
domain (V;) in the same polypeptide chain (V-V;). By
using a linker that is too short to allow pairing between two
domains on the same chain, the domains can be forced to pair
with the complementary domains of another chain and create
two antigen-binding sites. Diabodies are described in EP
404,097 and WO 93/11161, each of which is incorporated
herein by reference. “Linear antibodies,” which can be bispe-
cific or monospecific, comprise a pair of tandem Fd segments
(VgCyl-V-C,1) that form a pair of antigen binding
regions, as described (see, for example, Zapata et al. (1995)
Prot. Eng. 8:1057, incorporated herein by reference).

Inusing a Fab' or antigen binding fragment of an antibody,
with the attendant benefits on tissue penetration, one can
derive additional advantages from modifying the fragment to
increase its half-life. A variety of techniques can be
employed, such as manipulation or modification of the anti-
body molecule itself, and conjugation to inert carriers. Any
conjugation for the sole purpose of increasing half-life, rather
than to deliver an agent to a target, should be approached
carefully in that Fab' and other fragments can be chosen to
penetrate tissues. Nonetheless, conjugation to non-protein
polymers, such PEG and the like, is contemplated.

Modifications other than conjugation therefore are based
upon modifying the structure of the antibody fragment to
render it more stable, and/or to reduce the rate of catabolism
in the body. One mechanism for such modifications is the use
of D-amino acids in place of L-amino acids. Those of ordi-
nary skill in the art will understand that the introduction of
such modifications needs to be followed by rigorous testing of
the resultant molecule to ensure that it still retains the desired
biological properties. Further stabilizing modifications
include the use of the addition of stabilizing moieties to either
N-terminal or C-terminal, or both, which is generally used to
prolong half-life of biological molecules. By way of example
only, one may wish to modify termini by acylation or amina-
tion.

Bispecific Antibodies:

Bispecific antibodies in general can be employed, so long
as one arm binds to an aminophospholipid or anionic phos-
pholipid and the bispecific antibody is attached, at a site
distinct from the antigen binding site, to a therapeutic agent.

In general, the preparation of bispecific antibodies is well
known in the art. One method involves the separate prepara-
tion of antibodies having specificity for the aminophospho-
lipid or anionic phospholipid, on the one hand, and a thera-
peutic agent on the other. Peptic F(ab'), fragments can be
prepared from two chosen antibodies, followed by reduction
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of each to provide separate Fab'g,; fragments. SH groups on
one of two partners to be coupled then can be alkylated with
a cross-linking reagent such as O-phenylenedimaleimide to
provide free maleimide groups on one partner. This partner
then can be conjugated to the other by means of a thioether
linkage, to give the desired F(ab'), heteroconjugate. Other
techniques are known wherein cross-linking with SPDP or
protein A is carried out, or a trispecific construct is prepared.

One method for producing bispecific antibodies is by the
fusion of two hybridomas to form a quadroma. As used
herein, the term “quadroma” is used to describe the produc-
tive fusion of two B cell hybridomas. Using now standard
techniques, two antibody producing hybridomas can be fused
to give daughter cells, and those cells that have maintained the
expression of both sets of clonotype immunoglobulin genes
then can be selected.

CDR Technologies:

Antibodies are comprised of variable and constant regions.
The term “variable,” as used herein in reference to antibodies,
means that certain portions of the variable domains differ
extensively in sequence among antibodies, and are used in the
binding and specificity of each particular antibody to its par-
ticular antigen. However, the variability is concentrated in
three segments termed “hypervariable regions,” both in the
light chain and the heavy chain variable domains.

The more highly conserved portions of variable domains
are called the framework region (FR). Variable domains of
native heavy and light chains each comprise four FRs (FR1,
FR2, FR3 and FR4, respectively), largely adopting a beta-
sheet configuration, connected by three hypervariable
regions, which form loops connecting, and in some cases,
forming part of, the beta-sheet structure.

The hypervariable regions in each chain are held together
in close proximity by the FRs and, with hypervariable regions
from the other chain, contribute to the formation of the anti-
gen-binding site of antibodies (Kabat etal. (1991), Sequences
of proteins of immunological interest, Sth ed. Bethesda, Md.:
National Institutes of Health, incorporated herein by refer-
ence). Constant domains are not involved directly in binding
an antibody to an antigen, but exhibit various effector func-
tions, such as participation of the antibody in antibody-de-
pendent cellular toxicity.

The term “hypervariable region,” as used herein, refers to
amino acid residues of an antibody that are responsible for
antigen-binding. The hypervariable region comprises amino
acid residues from a “complementarity determining region”
or “CDR” (i.e. residues 24-34 (L1), 50-56 (L2) and 89-97
(L3) inthe light chain variable domain and 31-35 (H1), 50-56
(H2) and 95-102 (H3) in the heavy chain variable domain;
Kabat et al. (1991), supra) and/or those residues from a
“hypervariable loop” (i.e. residues 26-32 (L.1), 50-52(L.2) and
91-96 (L3) in the light chain variable domain and 26-32 (H1),
53-55 (H2) and 96-101 (H3) in the heavy chain variable
domain). “Framework™ or “FR” residues are those variable
domain residues other than the hypervariable region residues
as herein defined.

The DNA and deduced amino acid sequences of Vh and V
kappa chains of the 2B9 antibody encompass CDR1-3 of
variable regions of heavy and light chains of the antibody. In
light of the sequence and other information provided herein,
and the knowledge in the art, a range of 2B9-like and
improved antibodies and antigen binding regions can now be
prepared and are thus encompassed herein.

In some embodiments, this document provides at least one
CDR of the antibody produced by the hybridoma 2B9. In
some embodiments, this document provides a CDR, anti-
body, or antigen binding region thereof, which binds to at
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least a neuraminidase, and which comprises at least one CDR
of the antibody produced by the hybridoma 2B9.

In a particular embodiment, this document provides an
antibody or antigen binding region thereof in which the
framework regions of the 2B9 antibody have been changed
from mouse to ahuman IgG, such as human IgG1 or other IgG
subclass to reduce immunogenicity in humans. In some
embodiments, sequences of the 2B9 antibody can be exam-
ined for the presence of T-cell epitopes, as is known in the art.
The underlying sequence can then be changed to remove
T-cell epitopes, i.e., to “deimmunize” the antibody.

The availability of DNA and amino acid sequences of Vh
and V kappa chains of the 2B9 antibody means that a range of
antibodies can now be prepared using CDR technologies. In
particular, random mutations can be made in the CDRs and
products screened to identify antibodies with higher affinities
and/or higher specificities. Such mutagenesis and selection is
routinely practiced in the antibody arts. These methods can be
particularly suitable for use in the methods described herein,
given the advantageous screening techniques disclosed
herein. A convenient way for generating such substitutional
variants is affinity maturation using phage display.

CDR shuffling and implantation technologies can be used
with the 2B9 antibodies provided herein, for example. CDR
shuffling inserts CDR sequences into a specific framework
region (Jirholt et al. (1998) Gene 215:471, incorporated
herein by reference). CDR implantation techniques permit
random combination of CDR sequences into a single master
framework (Soderlind et al. (1999) Immunotechnol. 4:279;
and Soderlind et al. (2000) Nature Biotechnol. 18:852, each
incorporated herein by reference). Using such techniques,
CDR sequences of the 2B9 antibody, for example, can be
mutagenized to create a plurality of different sequences,
which can be incorporated into a scaffold sequence and the
resultant antibody variants screened for desired characteris-
tics, e.g., higher affinity.

Antibodies from Phagemid Libraries:

Recombinant technology allows for preparation of anti-
bodies having a desired specificity from recombinant genes
encoding a range of antibodies. Certain recombinant tech-
niques involve isolation of antibody genes by immunological
screening of combinatorial immunoglobulin phage expres-
sion libraries prepared from RNA isolated from spleen of an
immunized animal (Morrison et al. (1986) Mt. Sinai J. Med.
53:175; Winter and Milstein (1991) Nature 349:293; Barbas
etal. (1992) Proc. Natl. Acad. Sci. USA 89:4457; each incor-
porated herein by reference). For such methods, combinato-
rial immunoglobulin phagemid libraries can be prepared
from RNA isolated from spleen of an immunized animal, and
phagemids expressing appropriate antibodies can be selected
by panning using cells expressing antigen and control cells.
Advantage of this approach over conventional hybridoma
techniques include approximately 10* times as many antibod-
ies can be produced and screened in a single round, and that
new specificities can be generated by H and L chain combi-
nation, which can further increase the percentage of appro-
priate antibodies generated.

One method for the generation of a large repertoire of
diverse antibody molecules in bacteria utilizes the bacte-
riophage lambda as the vector (Huse et al. (1989) Science
246:1275; incorporated herein by reference). Production of
antibodies using the lambda vector involves the cloning of
heavy and light chain populations of DNA sequences into
separate starting vectors. Vectors subsequently can be ran-
domly combined to form a single vector that directs co-
expression of heavy and light chains to form antibody frag-
ments. The general technique for filamentous phage display is
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described (U.S. Pat. No. 5,658,727, incorporated herein by
reference). In a most general sense, the method provides a
system for the simultaneous cloning and screening of pre-
selected ligand-binding specificities from antibody gene rep-
ertoires using a single vector system. Screening of isolated
members of the library for a pre-selected ligand-binding
capacity allows the correlation of the binding capacity of an
expressed antibody molecule with a convenient means to
isolate a gene that encodes the member from the library.
Additional methods for screening phagemid libraries are
described (U.S. Pat. Nos. 5,580,717, 5,427,908; 5,403,484,
and 5,223,409, each incorporated herein by reference).

One method for the generation and screening of large
libraries of wholly or partially synthetic antibody combining
sites, or paratopes, utilizes display vectors derived from fila-
mentous phage such as M13, flor fd (U.S. Pat. No. 5,698,426,
incorporated herein by reference). Filamentous phage display
vectors, referred to as “phagemids,” yield large libraries of
monoclonal antibodies having diverse and novel immuno-
specificities. The technology uses a filamentous phage coat
protein membrane anchor domain as a means for linking
gene-product and gene during the assembly stage of filamen-
tous phage replication, and has been used for the cloning and
expression of antibodies from combinatorial libraries (Kang
etal. (1991) Proc. Natl. Acad. Sci. USA 88:4363; and Barbas
etal. (1991) Proc. Natl. Acad. Sci. USA 88:7978; each incor-
porated herein by reference). The surface expression library
is screened for specific Fab fragments that bind neuramini-
dase molecules by standard affinity isolation procedures. The
selected Fab fragments can be characterized by sequencing
the nucleic acids encoding the polypeptides after amplifica-
tion of the phage population.

One method for producing diverse libraries of antibodies
and screening for desirable binding specificities is described
(U.S. Pat. Nos. 5,667,988 and 5,759,817, each incorporated
herein by reference). The method involves the preparation of
libraries of heterodimeric immunoglobulin molecules in the
form of phagemid libraries using degenerate oligonucleotides
and primer extension reactions to incorporate degeneracies
into CDR regions of immunoglobulin variable heavy and
light chain variable domains, and display of mutagenized
polypeptides on the surface of the phagemid. Thereafter, the
display protein is screened for the ability to bind to a prese-
lected antigen. A further variation of this method for produc-
ing diverse libraries of antibodies and screening for desirable
binding specificities is described U.S. Pat. No. 5,702,892,
incorporated herein by reference). In this method, only heavy
chain sequences are employed, heavy chain sequences are
randomized at all nucleotide positions that encode either the
CDR1 or CDRIII hypervariable region, and the genetic vari-
ability in the CDRs can be generated independent of any
biological process.

Transgenic Mice Containing Human Antibody Libraries:

Recombinant technology is available for the preparation of
antibodies. In addition to the combinatorial immunoglobulin
phage expression libraries disclosed above, one molecular
cloning approach is to prepare antibodies from transgenic
mice containing human antibody libraries. Such techniques
are described (U.S. Pat. No. 5,545,807, incorporated herein
by reference).

In amost general sense, these methods involve the produc-
tion of a transgenic animal that has inserted into its germline
genetic material that encodes for at least part of an immuno-
globulin of human origin or that can rearrange to encode a
repertoire of immunoglobulins. The inserted genetic material
can be produced from a human source, or can be produced
synthetically. The material can code for at least part of a
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known immunoglobulin or can be modified to code for at least
part of an altered immunoglobulin.

The inserted genetic material is expressed in the transgenic
animal, resulting in production of an immunoglobulin
derived at least in part from the inserted human immunoglo-
bulin genetic material. The inserted genetic material can be in
the form of DNA cloned into prokaryotic vectors such as
plasmids and/or cosmids. Larger DNA fragments can be
inserted using yeast artificial chromosome vectors (Burke et
al. (1987) Science 236:806; incorporated herein by refer-
ence), or by introduction of chromosome fragments. The
inserted genetic material can be introduced to the host in
conventional manner, for example by injection or other pro-
cedures into fertilized eggs or embryonic stem cells.

Once a suitable transgenic animal has been prepared, the
animal is simply immunized with the desired immunogen.
Depending on the nature of the inserted material, the animal
can produce a chimeric immunoglobulin, e.g. of mixed
mouse/human origin, where the genetic material of foreign
origin encodes only part of the immunoglobulin; or the ani-
mal can produce an entirely foreign immunoglobulin, e.g. of
wholly human origin, where the genetic material of foreign
origin encodes an entire immunoglobulin.

Polyclonal antisera can be produced from the transgenic
animal following immunization. Immunoglobulin-producing
cells can be removed from the animal to produce the immu-
noglobulin of interest. Generally, monoclonal antibodies can
be produced from the transgenic animal, e.g., by fusing
spleen cells from the animal with myeloma cells and screen-
ing the resulting hybridomas to select those producing the
desired antibody. Suitable techniques for such processes are
described herein.

In one approach, the genetic material can be incorporated
in the animal in such a way that the desired antibody is
produced in body fluids such as serum or external secretions
of'the animal, such as milk, colostrum or saliva. For example,
by inserting in vitro genetic material encoding for at least part
of'a human immunoglobulin into a gene of a mammal coding
for a milk protein and then introducing the gene to a fertilized
egg of the mammal, e.g., by injection, the egg can develop
into an adult female mammal producing milk containing
immunoglobulin derived at least in part from the inserted
human immunoglobulin genetic material. The desired anti-
body can then be harvested from the milk. Suitable tech-
niques for carrying out such processes are known to those
skilled in the art.

The foregoing transgenic animals can be employed to pro-
duce human antibodies of a single isotype, more specifically
an isotype that is essential for B cell maturation, such as IgM
and possibly IgD. Another method for producing human anti-
bodies is described in U.S. Pat. Nos. 5,545,806; 5,569,825,
5,625,126, 5,633,425, 5,661,016; and 5,770,429; each incor-
porated by reference, wherein transgenic animals are
described that are capable of switching from an isotype
needed for B cell development to other isotypes.

In the method described in U.S. Pat. Nos. 5,545,806; 5,569,
825; 5,625,126, 5,633,425, 5,661,016; and 5,770,429, human
immunoglobulin transgenes contained within a transgenic
animal function correctly throughout the pathway of B-cell
development, leading to isotype switching. Accordingly, in
this method, these transgenes are constructed so as to produce
isotype switching and one or more of the following: (1) high
level and cell-type specific expression, (2) functional gene
rearrangement, (3) activation of and response to allelic exclu-
sion, (4) expression of a sufficient primary repertoire, (5)
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signal transduction, (6) somatic hypermutation, and (7) domi-
nation of the transgene antibody locus during the immune
response.

Humanized Antibodies:

Human antibodies generally have at least three potential
advantages for use in human therapy. First, because the effec-
tor portion is human, it can interact better with other parts of
the human immune system, e.g., to destroy target cells more
efficiently by complement-dependent cytotoxicity (CDC) or
antibody-dependent cellular cytotoxicity (ADCC). Second,
the human immune system should not recognize the antibody
as foreign. Third, half-life in human circulation will be simi-
lar to naturally occurring human antibodies, allowing smaller
and less frequent doses to be given.

Various methods for preparing human antibodies are pro-
vided herein. In addition to human antibodies, “humanized”
antibodies have many advantages. “Humanized” antibodies
are generally chimeric or mutant monoclonal antibodies from
mouse, rat, hamster, rabbit or other species, bearing human
constant and/or variable region domains or specific changes.
Techniques for generating a so-called “humanized” antibody
are well known to those of skill in the art.

A number of methods have been described to produce
humanized antibodies. Controlled rearrangement of antibody
domains joined through protein disulfide bonds to form new,
artificial protein molecules or “chimeric” antibodies can be
utilized (Konieczny et al. (1981) Haematologia (Budap.)
14:95; incorporated herein by reference). Recombinant DNA
technology can be used to construct gene fusions between
DNA sequences encoding mouse antibody variable light and
heavy chain domains and human antibody light and heavy
chain constant domains (Morrison et al. (1984) Proc. Natl.
Acad. Sci. USA 81:6851; incorporated herein by reference).

DNA sequences encoding antigen binding portions or
complementarity determining regions (CDR’s) of murine
monoclonal antibodies can be grafted by molecular means
into DNA sequences encoding frameworks of human anti-
body heavy and light chains (Jones et al. (1986) Nature 321:
522; Riechmann et al. (1988) Nature 332:323; each incorpo-
rated herein by reference). Expressed recombinant products
are called “reshaped” or humanized antibodies, and comprise
the framework of a human antibody light or heavy chain and
antigen recognition portions, CDR’s, of a murine monoclonal
antibody.

One method for producing humanized antibodies is
described in U.S. Pat. No. 5,639,641, incorporated herein by
reference. A similar method for the production of humanized
antibodies is described in U.S. Pat. Nos. 5,693,762, 5,693,
761; 5,585,089; and 5,530,101, each incorporated herein by
reference. These methods involve producing humanized
immunoglobulins having one or more complementarity
determining regions (CDR’s) and possible additional amino
acids from a donor immunoglobulin and a framework region
from an accepting human immunoglobulin. Each humanized
immunoglobulin chain usually comprises, in addition to
CDR’s, amino acids from the donor immunoglobulin frame-
work that are capable of interacting with CDR’s to effect
binding affinity, such as one or more amino acids that are
immediately adjacent to a CDR in the donor immunoglobulin
orthose withinabout 3 A as predicted by molecular modeling.
Heavy and light chains can each be designed by using any
one, any combination, or all of various position criteria
described in U.S. Pat. Nos. 5,693,762, 5,693,761, 5,585,089,
and 5,530,101, each incorporated herein by reference. When
combined into an intact antibody, humanized immunoglobu-
lins can be substantially non-immunogenic in humans and
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retain substantially the same affinity as the donor immuno-
globulin to the original antigen.

An additional method for producing humanized antibodies
is described in U.S. Pat. Nos. 5,565,332 and 5,733,743, each
incorporated herein by reference. This method combines the
concept of humanizing antibodies with the phagemid librar-
ies described herein. In a general sense, the method utilizes
sequences from the antigen binding site of an antibody or
population of antibodies directed against an antigen of inter-
est. Thus for a single rodent antibody, sequences comprising
part of the antigen binding site of the antibody can be com-
bined with diverse repertoires of sequences of human anti-
bodies that can, in combination, create a complete antigen
binding site.

Antigen binding sites created by this process differ from
those created by CDR grafting, in that only the portion of
sequence of the original rodent antibody is likely to make
contacts with antigen in a similar manner. Selected human
sequences are likely to differ in sequence and make alterna-
tive contacts with the antigen from those of the original bind-
ing site. However, constraints imposed by binding of the
portion of original sequence to antigen and shapes of the
antigen and its antigen binding sites, are likely to drive new
contacts of human sequences to the same region or epitope of
the antigen. This process has therefore been termed “epitope
imprinted selection,” or “EIS.”

Starting with an animal antibody, one process results in the
selection of antibodies that are partly human antibodies. Such
antibodies can be sufficiently similar in sequence to human
antibodies to be used directly in therapy or after alteration of
a few key residues. In EIS, repertoires of antibody fragments
can be displayed on the surface of filamentous phase and
genes encoding fragments with antigen binding activities
selected by binding of the phage to antigen.

Yet additional methods for humanizing antibodies are
described in U.S. Pat. Nos. 5,750,078, 5,502,167, 5,705,154,
5,770,403, 5,698,417, 5,693,493, 5,558,864; 4,935,496; and
4,816,567, each incorporated herein by reference.

As discussed in the above techniques, the advent of meth-
ods of molecular biology and recombinant technology, it is
now possible to produce antibodies by recombinant means
and thereby generate gene sequences that code for specific
amino acid sequences found in the polypeptide structure of
antibodies. This has permitted the ready production of anti-
bodies having sequences characteristic of inhibitory antibod-
ies from different species and sources, as discussed above. In
accordance with the foregoing, the antibodies useful in the
methods described herein are anti-neuraminidase antibodies,
specifically antibodies whose specificity is toward the same
epitope of neuraminidase as 2B9 and include all therapeuti-
cally active variants and antigen binding fragments thereof
whether produced by recombinant methods or by direct syn-
thesis of the antibody polypeptides.

As described below, the 2B9 anti-N1NA monoclonal anti-
body was humanized. Two humanized heavy chain sequences
(designated “G2” and “GS” herein) are set forth in SEQ ID
NOS:9 and 10, respectively. Two humanized light chain
sequences (designated “K3” and “K4” herein) are set forth in
SEQ ID NOS:11 and 12, respectively.

In some embodiments, an antibody containing variant
amino acid sequences with respect to humanized SEQ ID
NOS:9-12 can be produced and used in the compositions and
methods described herein. In some cases, for example, an
antibody as provided herein can include a light chain or a
heavy chain having an amino acid sequence with at least 85%
(e.g., 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 97.5%, 98%, 98.5%, 99.0%, 99.5%,
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99.6%, 99.7%, 99.8%, 99.9%, or 100%) sequence identity to
the heavy and light chain sequences set forth in SEQ ID
NOS:9-12. Thus, this document provides antibodies that bind
neuraminidase and that have the ability to inhibit neuramini-
dase enzyme activity, and wherein the antibody comprises a
light chain amino acid sequence that is at least 85 percent
(e.g., at least 90 percent, at least 95 percent, at least 96
percent, at least 97 percent, at least 98 percent, or at least 99
percent) identical to the amino acid sequence set forth in SEQ
ID NO:9 or SEQ ID NO:10, and a heavy chain amino acid
sequence that is at least 85 percent (e.g., at least 90 percent, at
least 95 percent, at least 98 percent, or at least 99 percent)
identical to the amino acid sequence set forth in SEQ ID NO:7
or SEQ ID NO:8.

Percent sequence identity is calculated by determining the
number of matched positions in aligned amino acid
sequences, dividing the number of matched positions by the
total number of aligned amino acids, and multiplying by 100.
A matched position refers to a position in which identical
amino acids occur at the same position in aligned amino acid
sequences. Percent sequence identity also can be determined
for any nucleic acid sequence.

Percent sequence identity is determined by comparing a
target nucleic acid or amino acid sequence to the identified
nucleic acid or amino acid sequence using the BLAST 2
Sequences (Bl2seq) program from the stand-alone version of
BLASTZ containing BLASTN version 2.0.14 and BLASTP
version 2.0.14. This stand-alone version of BLASTZ can be
obtained on the World Wide Web from Fish & Richardson’s
web site (“fr ‘dot’ com ‘slash’ blast™) or the U.S. govern-
ment’s National Center for Biotechnology Information web
site (“ncbi ‘dot” nlm ‘dot’ nih ‘dot’ gov”). Instructions
explaining how to use the Bl2seq program can be found in the
readme file accompanying BLASTZ.

Bl2seq performs a comparison between two sequences
using either the BLASTN or BLASTP algorithm. BLASTN is
used to compare nucleic acid sequences, while BLASTP is
used to compare amino acid sequences. To compare two
nucleic acid sequences, the options are set as follows: -i is set
to a file containing the first nucleic acid sequence to be com-
pared (e.g., C:\seql.txt); -j is set to a file containing the second
nucleic acid sequence to be compared (e.g., C:\seq2.txt); -p is
set to blastn; -o is set to any desired file name (e.g., C:\out-
put.txt); -q is set to —1; -r is set to 2; and all other options are
left at their default setting. The following command will
generate an output file containing a comparison between two
sequences: C:\B12seq c:\seql.txt -j c:\seq2.txt -p blastn -0
c:\output.txt -q —1-r 2. If the target sequence shares homology
with any portion of the identified sequence, the designated
output file will present those regions of homology as aligned
sequences. If the target sequence does not share homology
with any portion of the identified sequence, the designated
output file will not present aligned sequences.

Once aligned, a length is determined by counting the num-
ber of consecutive nucleotides from the target sequence pre-
sented in alignment with sequence from the identified
sequence starting with any matched position and ending with
any other matched position. A matched position is any posi-
tion where an identical nucleotide is presented in both the
target and identified sequence. Gaps presented in the target
sequence are not counted since gaps are not nucleotides.
Likewise, gaps presented in the identified sequence are not
counted since target sequence nucleotides are counted, not
nucleotides from the identified sequence.

The percent identity over a particular length is determined
by counting the number of matched positions over that length
and dividing that number by the length followed by multiply-
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ing the resulting value by 100. For example, if (1) a target
sequence that is 450 amino acids in length is compared to the
sequence set forth in SEQ ID NO:7, (2) the Bl2seq program
presents 447 amino acids from the target sequence aligned
with a region of the sequence set forth in SEQ ID NO:7 where
the first and last amino acids of that 447 amino acid region are
matches, and (3) the number of matches over those 447
aligned amino acids is 445, then the 450 amino acid target
sequence contains a length of 447 and a percent identity over
that length of (i.e., 445) 447x100=99.6%).

The percent identity over the full length of an amino acid
sequence is determined by counting the number of matched
positions over the entire length of the query sequence (e.g.,
SEQ ID NO:7), dividing that number by the length of the
query sequence, and multiplying by 100. For example, if the
Bl2seq program presents 447 amino acids from the 450
amino acid target sequence aligned with and matching the
464 amino acids in the SEQ ID NO:7 query sequence, then
the 450 amino acid target sequence is 96.3 percent identical to
SEQ ID NO:7 (447/464=96.3%).

It will be appreciated that different regions within a single
amino acid or nucleic acid target sequence that aligns with an
identified sequence can each have their own percent identity.
It is noted that the percent identity value is rounded to the
nearesttenth. Forexample, 78.11,78.12, 78.13, and 78.14 are
rounded down to 78.1, while 78.15, 78.16, 78.17, 78.18, and
78.19 are rounded up to 78.2. It also is noted that the length
value will always be an integer.

Variant antibodies having one or more amino acid substi-
tution relative to the amino acid sequences set forth in SEQ DI
NOS:9-12, for example, can be prepared and modified as
described herein Amino acid substitutions can be made, in
some cases, by selecting substitutions that do not differ sig-
nificantly in their effect on maintaining (a) the structure of the
peptide backbone in the area of the substitution, (b) the charge
or hydrophobicity of the molecule at the target site, or (c) the
bulk of the side chain. For example, naturally occurring resi-
dues can be divided into groups based on side-chain proper-
ties: (1) hydrophobic amino acids (norleucine, methionine,
alanine, valine, leucine, and isoleucine); (2) neutral hydro-
philic amino acids (cysteine, serine, and threonine); (3) acidic
amino acids (aspartic acid and glutamic acid); (4) basic amino
acids (asparagine, glutamine, histidine, lysine, and arginine);
(5) amino acids that influence chain orientation (glycine and
proline); and (6) aromatic amino acids (tryptophan, tyrosine,
and phenylalanine). Substitutions made within these groups
can be considered conservative substitutions. Non-limiting
examples of useful substitutions include, without limitation,
substitution of wvaline for alanine, lysine for arginine,
glutamine for asparagine, glutamic acid for aspartic acid,
serine for cysteine, asparagine for glutamine, aspartic acid for
glutamic acid, proline for glycine, arginine for histidine, leu-
cine for isoleucine, isoleucine for leucine, arginine for lysine,
leucine for methionine, leucine for phenyalanine, glycine for
proline, threonine for serine, serine for threonine, tyrosine for
tryptophan, phenylalanine for tyrosine, and/or leucine for
valine.

In some embodiments, an antibody can include one or
more non-conservative substitutions. Non-conservative sub-
stitutions typically entail exchanging a member of one of the
classes described above for a member of another class. Such
production can be desirable to provide large quantities or
alternative embodiments of such compounds. Whether an
amino acid change results in a functional polypeptide can
readily be determined by assaying the specific activity of the
peptide variant.
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Plant Production of Antibodies:

It is to be noted that the materials and methods described
herein for expressing antigenic polypeptides in plants also
can be used to generate plant-produced antibodies (e.g., the
2B9 monoclonal antibodies described herein). When an anti-
body is expressed in plants, it is to be understood that the
heavy and light chains can be expressed from the same vector,
or from two separate vectors. In some embodiments, antibody
polypeptides can be produced in a plant using an agrobacte-
rial vector that launches a viral construct (i.e., an RNA with
characteristics of a plant virus) encoding the polypeptide of
interest. The RNA can have characteristics of (and/or include
sequences of), for example, TMV.

A “launch vector” typically contains agrobacterial
sequences including replication sequences, and also contains
plant viral sequences (including self-replication sequences)
that carry a gene encoding a polypeptide of interest. See, e.g.,
Musiychuk et al. (2006) Influenza and Other Respiratory
Viruses, Blackwell Publishing Ltd, 1:19-25; incorporated
herein by reference). A launch vector can be introduced into
plant tissue (e.g., by agroinfiltration), which allows substan-
tially systemic delivery. For transient transformation, non-
integrated T-DNA copies of the launch vector remain tran-
siently present in the nucleolus and are transcribed leading to
the expression of the carrying genes (Kapila et al. (1997)
Plant Science 122:101; incorporated herein by reference).
Agrobacterium-mediated transient expression, differently
from viral vectors, cannot lead to the systemic spreading of
the expression of the gene of interest. One advantage of this
system is the possibility to clone genes larger than 2 kb to
generate constructs that would be impossible to obtain with
viral vectors (Voinnet et al. (2003) Plant J. 33:949; incorpo-
rated herein by reference). Furthermore, using such tech-
niques, it is possible to transform a plant with more than one
transgene, such that multimeric proteins (e.g., antibodies or
subunits of complexed proteins) can be expressed and
assembled. Furthermore, the possibility of co-expression of
multiple transgenes by means of co-infiltration with different
Agrobacterium can be taken advantage of, either by separate
infiltration or using mixed cultures.

In some embodiments, a launch vector can include
sequences that allow for selection (or at least detection) in
Agrobacteria and also for selection/detection in infiltrated
tissues. Furthermore, a launch vector typically includes
sequences that are transcribed in the plant to yield viral RNA
production, followed by generation of viral proteins. Produc-
tion of viral proteins and viral RNA can yield rapid produc-
tion of multiple copies of RNA encoding the pharmaceuti-
cally active protein of interest. Such production can result in
rapid protein production of the target of interest in a relatively
short period of time. Thus, a highly efficient system for pro-
tein production can be generated.

The agroinfiltration technique utilizing viral expression
vectors can be used to produce limited quantity of protein of
interest in order to verity the expression levels before decid-
ing if it is worth generating transgenic plants. Alternatively or
additionally, the agroinfiltration technique utilizing viral
expression vectors is useful for rapid generation of plants
capable of producing huge amounts of protein as a primary
production platform. Thus, this transient expression system
can be used on industrial scale.

Further provided are any of a variety of different Agrobac-
terial plasmids, binary plasmids, or derivatives thereof such
as pBIV, pBI1221, pGreen, etc., which can be used in the
methods provided herein. Numerous suitable vectors are
known in the art and can be directed and/or modified accord-
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ing to methods known in the art, or those described herein so
as to utilize in the methods described provided herein.

An exemplary launch vector, pBID4, contains the 35S
promoter of cauliflower mosaic virus (a DNA plant virus) that
drives initial transcription of the recombinant viral genome
following introduction into plants, and the nos terminator, the
transcriptional terminator of Agrobacterium nopaline syn-
thase. The vector further contains sequences of the tobacco
mosaic virus genome including genes for virus replication
(126/183K) and cell-t-cell movement (MP). The vector fur-
ther contains a gene encoding a polypeptide of interest,
inserted into a unique cloning site within the tobacco mosaic
virus genome sequences and under the transcriptional control
of the coat protein subgenomic mRNA promoter. Because
this “target gene” (i.e., gene encoding a protein or polypep-
tide of interest) replaces coding sequences for the TMV coat
protein, the resultant viral vector is naked self-replicating
RNA that is less subject to recombination than CP-containing
vectors, and that cannot effectively spread and survive in the
environment. Left and right border sequences (LB and RB)
delimit the region of the launch vector that is transferred into
plant cells following infiltration of plants with recombinant
Agrobacterium carrying the vector. Upon introduction of
agrobacteria carrying this vector into plant tissue (typically
by agroinfiltration but alternatively by injection or other
means), multiple single-stranded DNA (ssDNA) copies of
sequence between LB and RB are generated and released in a
matter of minutes. These introduced sequences are then
amplified by viral replication. Translation of the target gene
results in accumulation of large amounts of target protein or
polypeptide in a short period of time. A launch vector can
include coat proteins and movement protein sequences.

Once produced in a plant, any suitable method can be used
to partially or completely isolate an expressed antibody from
plant material. As discussed above, a wide range of fraction-
ation and separation procedures are known for purifying sub-
stances from plant tissues or fluids. See, also, the methods
described in Example 5 herein.

Therapeutic Compositions and Uses Thereof

The antibodies provided herein, as well as plants, plant
cells, and plant tissues expressing the antibodies provided
herein, can have pharmaceutical activity when administered
to a subject in need thereof (e.g., a vertebrate such as a
mammal, including mammals such as humans, as well as
veterinary animals such as bovines, ovines, canines, and
felines). Thus, this document provides therapeutic composi-
tions containing the antibodies, plants, and/or plant tissues
and cells described herein. Also provided herein is the use of
an antibody, plant, or portion of a plant as described herein in
the manufacture of a medicament for treating or preventing
influenza infection.

Treatment of a subject with an influenza antibody can elicit
a physiological effect. An antibody or antigen binding frag-
ment thereof can have healing curative or palliative properties
against a disorder or disease and can be administered to
ameliorate relieve, alleviate, delay onset of, reverse or lessen
symptoms or severity of a disease or disorder. An antibody
composition can have prophylactic properties and can be used
to prevent or delay the onset of a disease or to lessen the
severity of such disease, disorder, or pathological condition
when it does emerge.

The pharmaceutical preparations can be administered in a
wide variety of ways to a subject, such as, for example, orally,
nasally, enterally, parenterally, intramuscularly or intrave-
nously, rectally, vaginally, topically, ocularly, pulmonarily, or
by contact application. In some embodiments, an anti-influ-
enza antibody expressed in a plant, or a portion thereof, can be
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extracted and/or purified, and used for preparation of a phar-
maceutical composition. It may be desirable to formulate
such isolated products for their intended use (e.g., as a phar-
maceutical agent, antibody composition, etc.). In some
embodiments, it will be desirable to formulate products
together with some or all of plant tissues that express them. In
cases where it is desirable to formulate product together with
the plant material, it will often be desirable to have utilized a
plant that is not toxic to the relevant recipient (e.g., a human
or other animal). Relevant plant tissue (e.g., cells, roots,
leaves) can simply be harvested and processed according to
techniques known in the art, with due consideration to main-
taining activity of the expressed product.

An antibody or antigen binding fragment thereof (i.e., an
anti-influenza antibody or antigen binding fragment thereof)
can be formulated according to known techniques. For
example, an effective amount of an antibody product can be
formulated together with one or more organic or inorganic,
liquid or solid, pharmaceutically suitable carrier materials.
An antibody or antigen binding fragment thereof can be
employed in dosage forms such as tablets, capsules, troches,
dispersions, suspensions, solutions, gelcaps, pills, caplets,
creams, ointments, aerosols, powder packets, liquid solu-
tions, solvents, diluents, surface active agents, isotonic
agents, thickening or emulsifying agents, preservatives, and
solid bindings, as long as the biological activity of the protein
is not destroyed by such dosage form.

In general, compositions can comprise any of a variety of
different pharmaceutically acceptable carrier(s) or vehicle(s),
or a combination of one or more such carrier(s) or vehicle(s).
As used herein the language “pharmaceutically acceptable
carrier, adjuvant, or vehicle” includes solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the like, compatible with
pharmaceutical administration. Materials that can serve as
pharmaceutically acceptable carriers include, but are not lim-
ited to sugars such as lactose, glucose and sucrose; starches
such as corn starch and potato starch; cellulose and its deriva-
tives such as sodium carboxymethyl cellulose, ethyl cellulose
and cellulose acetate; powdered tragacanth; malt; gelatin;
talc; excipients such as cocoa butter and suppository waxes;
oils such as peanut oil, cottonseed oil, safflower oil, sesame
oil, olive oil, corn oil and soybean oil; glycols such a propy-
lene glycol; esters such as ethyl oleate and ethyl laurate; agar;
buffering agents such as magnesium hydroxide and alumi-
num hydroxide; alginic acid; pyrogen-free water; isotonic
saline; Ringer’s solution; ethyl alcohol, and phosphate buffer
solutions, as well as other nontoxic compatible lubricants
such as sodium lauryl sulfate and magnesium stearate, as well
as coloring agents, releasing agents, coating agents, sweeten-
ing agents, flavoring agents, and perfuming agents, preserva-
tives, and antioxidants can be present in the composition,
according to the judgment of the formulator (see also Rem-
ington’s Pharmaceutical Sciences, Fifteenth Edition, E. W.
Martin, Mack Publishing Co., Easton, Pa., 1975). For
example, antibody or antigen binding fragment product can
be provided as a pharmaceutical composition by means of
conventional mixing granulating dragee-making, dissolving,
lyophilizing, or similar processes.

Additional Components:

Compositions can include additionally any suitable com-
ponents to enhance the effectiveness of the composition when
administered to a subject. In certain situations, it can be
desirable to prolong the effect of an antibody or antigen
binding fragment thereof by slowing the absorption of one or
more components of the antibody product (e.g., protein) that
is subcutaneously or intramuscularly injected. This can be
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accomplished by use of a liquid suspension of crystalline or
amorphous material with poor water solubility. The rate of
absorption of product then depends upon its rate of dissolu-
tion, which in turn, can depend upon size and form. Alterna-
tively or additionally, delayed absorption of a parenterally
administered product is accomplished by dissolving or sus-
pending the product in an oil vehicle. Injectable depot forms
are made by forming microcapsule matrices of protein in
biodegradable polymers such as polylactide-polyglycolide.
Depending upon the ratio of product to polymer and the
nature of the particular polymer employed, rate of release can
be controlled. Examples of biodegradable polymers include
poly(orthoesters) and poly(anhydrides). Depot injectable for-
mulations can be prepared by entrapping product in lipo-
somes or microemulsions that are compatible with body tis-
sues.

Enterally administered preparations of antibody can be
introduced in solid, semi-solid, suspension or emulsion form
and can be compounded with any pharmaceutically accept-
able carriers, such as water, suspending agents, and emulsi-
fying agents. In some cases, antibodies can be administered
by means of pumps or sustained-release forms, especially
when administered as a preventive measure, so as to prevent
the development of disease in a subject or to ameliorate or
delay an already established disease. Supplementary active
compounds, e.g., compounds independently active against
the disease or clinical condition to be treated, or compounds
that enhance activity of a compound as provided herein, can
be incorporated into or administered with compositions. Fla-
vorants and coloring agents can be used.

Root lines, cell lines, plants, extractions, powders, dried
preparations and purified protein or nucleic acid products,
etc., can be in encapsulated form with or without one or more
excipients as noted above. Solid dosage forms such as tablets,
dragees, capsules, pills, and granules can be prepared with
coatings and shells such as enteric coatings, release control-
ling coatings and other coatings well known in the pharma-
ceutical formulating art. In such solid dosage forms active
agent can be mixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms can comprise,
as is normal practice, additional substances other than inert
diluents, e.g., tableting lubricants and other tableting aids
such as magnesium stearate and microcrystalline cellulose. In
the case of capsules, tablets and pills, the dosage forms can
comprise buffering agents. They optionally can contain
opacifying agents and can be of a composition that they
release the active ingredient(s) only, or substantially, in a
certain part of the intestinal tract, and/or in a delayed manner.
Examples of embedding compositions that can be used
include polymeric substances and waxes.

Pharmaceutical compositions can be administered thera-
peutically or prophylactically. The compositions can be used
to treat or prevent a disease. For example, any individual who
suffers from a disease or who is atrisk of developing a disease
can be treated. It will be appreciated that an individual can be
considered at risk for developing a disease without having
been diagnosed with any symptoms of the disease. For
example, if the individual is known to have been, or to be
intended to be, in situations with relatively high risk of expo-
sure to influenza infection, that individual will be considered
atrisk for developing the disease. Similarly, if members of an
individual’s family or friends have been diagnosed with influ-
enza infection, the individual can be considered to be at risk
for developing the disease.

Compositions for rectal or vaginal administration can be
suppositories or retention enemas, which can be prepared by
mixing the compositions provided herein with suitable non-
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irritating excipients or carriers such as cocoa butter, polyeth-
ylene glycol or a suppository wax which can be solid at
ambient temperature but liquid at body temperature and
therefore melt in the rectum or vaginal cavity and release the
active protein.

Dosage forms for topical, transmucosal or transdermal
administration of a composition include ointments, pastes,
creams, lotions, gels, powders, solutions, sprays, inhalants or
patches. The active agent, or preparation thereof, is admixed
under sterile conditions with a pharmaceutically acceptable
carrier and any needed preservatives or buffers as can be
required. For transmucosal or transdermal administration,
penetrants appropriate to the barrier to be permeated can be
used in the formulation. Such penetrants are generally known
in the art, and include, for example, for transmucosal admin-
istration, detergents, bile salts, and fusidic acid derivatives.
Transmucosal administration can be accomplished through
the use of nasal sprays or suppositories. For transdermal
administration, ointments, salves, gels, or cream formula-
tions as generally known in the art can be used. Ophthalmic
formulations, eardrops, and eye drops also are contemplated.
Also contemplated is the use of transdermal patches, which
have the added advantage of providing controlled delivery of
a protein to the body. Such dosage forms can be made by
suspending or dispensing the product in the proper medium.
Absorption enhancers can be used to increase the flux of the
protein across the skin. The rate can be controlled by either
providing a rate controlling membrane or by dispersing the
protein in a polymer matrix or gel.

This document provides methods for using the antibodies
and compositions provided herein to treat or prevent an influ-
enza infection in a subject. Compositions can be administered
in such amounts and for such time as is necessary to achieve
the desired result. In some embodiments, a “therapeutically
effective amount™ of a pharmaceutical composition is that
amount effective for treating, attenuating, or preventing a
disease in a subject. Thus, the “amount effective to treat,
attenuate, or prevent disease,” as used herein, refers to a
nontoxic but sufficient amount of the pharmaceutical compo-
sition to treat, attenuate, or prevent disease in any subject. For
example, the “therapeutically effective amount” can be an
amount to treat, attenuate, or prevent infection (e.g., viral
infection, influenza infection), etc.

The exact amount required can vary from subject to sub-
ject, depending on the species, age, and general condition of
the subject, the stage of the disease, the particular pharma-
ceutical mixture, its mode of administration, and the like.
Influenza antibodies, including plants expressing antibodies
and/or preparations thereof can be formulated in dosage unit
form for ease of administration and uniformity of dosage. The
expression “dosage unit form,” as used herein, refers to a
physically discrete unit of composition appropriate for the
patient to be treated. It will be understood, however, that the
total daily usage of the compositions typically is decided by
an attending physician within the scope of sound medical
judgment. The specific therapeutically effective dose level for
any particular patient or organism can depend upon a variety
of factors including the severity or risk of infection; the activ-
ity of the specific compound employed; the specific compo-
sition employed; the age, body weight, general health, sex of
the patient, diet of the patient, pharmacokinetic condition of
the patient, the time of administration, route of administra-
tion, and rate of excretion or degradation of the specific anti-
bodies employed; the duration of the treatment; drugs used in
combination or coincidental with the composition employed;
and like factors well known in the medical arts.
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It will be appreciated that the compositions provided
herein can be employed in combination therapies (e.g., com-
bination vaccine therapies). That is, pharmaceutical compo-
sitions can be administered concurrently with, prior to, or
subsequent to, one or more other desired pharmaceutical and/
or vaccination procedures. The particular combination of
therapies (e.g., vaccines, therapeutic treatment of influenza
infection) to employ in a combination regimen will generally
take into account compatibility of the desired therapeutics
and/or procedures and the desired therapeutic effect to be
achieved. It will be appreciated that the therapies and/or vac-
cines employed can achieve a desired effect for the same
disorder (for example, an influenza antibody can be admin-
istered concurrently with an antigen), or they can achieve
different effects.

In some embodiments, a method as provided herein can
include the steps of providing a biological sample (e.g.,
blood, serum, urine, sputum, tissue scrapings, cerebrospinal
fluid, pleural fluid, peritoneal fluid, bladder washings, oral
washings, touch preps, or fine-needle aspirates) from a sub-
ject (e.g., a human or another mammal), contacting the bio-
logical sample with an antibody as described herein (e.g., a
2B9 mAb), and, if the antibody shows detectable binding to
the biological sample, administering the antibody to the sub-
ject. In some cases, the subject can have been diagnosed as
having influenza.

As described in the Examples below, the 2B9 antibody can
bind to oseltamivir-resistant influenza strains. Thus, in some
embodiments, the antibodies provided herein can be particu-
larly useful for treating strains of influenza that are resistant to
oseltamivir. The antibodies also may be useful against zan-
amivir-resistant influenza strains.

Methods for Typing Influenza Strains

The antibodies provided herein also can be useful in meth-
ods for typing influenza strains. For example, the 2B9 anti-
body binds to NA of the N1 type, but not to N2NA. See,
Example 5 below. Thus, an antibody can be used at least to
determine whether a particular influenza strain is likely to be
an N1 strain.

Articles of Manufacture

This document also provides articles of manufacture that
contain anti-influenza antibodies as described herein. The
articles of manufacture can be used for diagnostic or thera-
peutic purposes. In some embodiments, for example, an
article can include live sprouted seedlings, clonal entity or
plant producing an antibody or antigen binding fragment
thereof, or preparations, extracts, or pharmaceutical compo-
sitions containing antibody in one or more containers filled
with optionally one or more additional ingredients of phar-
maceutical compositions. In some embodiments, an article of
manufacture can include a therapeutic agent in addition to an
anti-influenza antibody (e.g., an influenza vaccine) for use as
a combination therapy. Optionally associated with such con-
tainer(s) can be a notice in the form prescribed by a govern-
mental agency regulating the manufacture, use or sale of
pharmaceutical products, which notice reflects approval by
the agency of manufacture, use, or sale for human adminis-
tration.

Kits are provided that include therapeutic reagents. In
some embodiments, an anti-influenza antibody can be pro-
vided in an injectable formulation for administration. In other
embodiments, an anti-influenza antibody can be provided in
an inhalable formulation for administration. Pharmaceutical
doses or instructions therefore can be provided in the kit for
administration to an individual suffering from or at risk for
influenza infection.
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In some embodiments, a kit can be used for diagnosis or
virus typing. An antibody can be provided in a kit, and can be
used to contact a biological sample from a subject to deter-
mine whether that subject has influenza. Further, since an
antibody such as 2B9 may to NA of one type but not another
type (e.g., may bind to NINA, but not to N2NA), a kit can be
used to determine whether an particular influenza virus is
likely to be of a particular strain (e.g., N1 vs. N2).

The invention will be further described in the following
examples, which do not limit the scope of the invention
described in the claims.

EXAMPLES
Example 1
Generation of Antigen Constructs

Generation of Antigen Sequences from Influenza Virus
Neuraminidase:

Nucleotide sequences encoding neuraminidase of influ-
enza virus type Vietnam H5N1 (NAV) were synthesized and
confirmed as being correct. The nucleotide and amino acid
sequences were as follows.

NAV (N1) (nt) :
(SEQ ID NO:
GGATCCTTAATTAAAATGGGATTCGTGCTTTTCTCTCAGCTTCCTT

3)

CTTTCCTTCTTGTGTCTACTCTTCTTCTTTTCCTTGTGATTTCTCA

CTCTTGCCGTGCTCAAAATGTCGACCTTATGCTTCAGATTGGAAAC

ATGATTTCTATTTGGGTGTCACACTCTATTCACACTGGAAACCAGC

ATCAGTCTGAGCCAATTTCTAACACTAACCTTTTGACTGAGAAGGC

TGTGGCTTCTGTTAAGTTGGCTGGAAACTCTTCTCTTTGCCCTATT

AACGGATGGGCTGTGTACTCTAAGGATAACTCTATTAGGATTGGAT

CTAAGGGAGATGTGTTCGTGATTAGGGAGCCATTCATTTCTTGCTC

TCACCTTGAGTGCCGTACTTTCTTCCTTACTCAGGGTGCTCTTCTT

AACGATAAGCACTCTAACGGAACTGTGAAGGATAGGTCTCCACACA

GGACTCTTATGTCTTGTCCAGTTGGAGAAGCTCCATCTCCATACAA

CTCTAGATTCGAGTCTGTTGCTTGGAGTGCTTCTGCTTGCCATGAT

GGAACTTCATGGCTTACTATTGGAATTTCTGGACCAGATAACGGAG

CTGTTGCTGTGCTTAAGTACAACGGAATTATTACTGATACCATCAA

GTCTTGGAGGAACAACATTCTTAGGACTCAGGAGTCTGAGTGTGCT

TGCGTTAACGGATCTTGCTTCACTGTGATGACTGATGGACCATCTA

ATGGACAGGCTTCTCACAAGATTTTCAAGATGGAGAAGGGAAAGGT

TGTGAAGTCTGTGGAACTTGATGCTCCAAACTACCATTACGAGGAG

TGTTCTTGCTATCCAGATGCTGGAGAGATTACTTGTGTGTGCCGTG

ATAATTGGCATGGATCTAACAGGCCATGGGTGTCATTCAATCAGAA

CCTTGAGTACCAGATTGGTTACATTTGCTCTGGAGTGTTCGGAGAT

AATCCAAGGCCAAACGATGGAACTGGATCTTGTGGACCAGTGTCAT

CTAATGGAGCTGGAGGAGTGAAGGGATTCTCTTTCAAGTACGGAAA

CGGAGTTTGGATTGGAAGGACTAAGTCTACTAACTCTAGGAGTGGA
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-continued
TTCGAGATGATTTGGGACCCARACGGATGGACTGAGACTGATTCTT

CTTTCTCTGTGAAGCAGGATATTGTGGCTATTACTGATTGGAGTGG
ATACTCTGGATCTTTCGTTCAGCACCCAGAGCTTACTGGACTTGAT
TGCATTAGGCCATGCTTCTGGGT TGAACTTATTAGGGGAAGGCCAA
AGGAGTCTACTATTTGGACTTCTGGATCTTCTATTTCTTTCTGCGG
AGTGAATTCTGATACTGTGGGATGGTCTTGGCCAGATGGAGCTGAG
CTTCCATTCACTATTGATAAGGTCGACCATCATCATCATCACCACA
AGGATGAGCTTTGACTCGAG

NAV (N1) (aa) :

(SEQ ID NO:
LMLQIGNMISIWVSHSIHTGNQHQSEPISNTNLLTEKAVASVKLAG

4)

NSSLCPINGWAVYSKDNSIRIGSKGDVFVIREPFISCSHLECRTFF
LTQGALLNDKHSNGTVKDRSPHRTLMSCPVGEAPSPYNSRFESVAW
SASACHDGTSWLTIGISGPDNGAVAVLKYNGIITDTIKSWRNNILR
TQESECACVNGSCFTVMTDGPSNGQASHKIFKMEKGKVVKSVELDA
PNYHYEECSCYPDAGEITCVCRDNWHGSNRPWVSFNONLEYQIGYI
CSGVFGDNPRPNDGTGSCGPVSSNGAGGVKGFSFKYGNGVWIGRTK
STNSRSGFEMIWDPNGWTETDSSFSVKQDIVAITDWSGYSGSFVQH
PELTGLDCIRPCFWVELIRGRPKESTIWTSGSSISFCGVNSDTVGW

SWPDGAELPFTIDK

Example 2

Generation of Antigen Vectors

The NA target antigen constructs were subcloned into the
viral vector pBI-D4. pBI-D4 is a pBI121-derived binary vec-
tor in which the reporter gene coding for the Escherichia coli
beta-D-glucuronidase (GUS) is replaced by a “polylinker”
where, between the Xbal and Sacl sites, a TMV-derived vec-
tor is inserted. pBI-D4 is a TMV-based construct in which a
foreign gene to be expressed (e.g., target antigen) replaces the
coat protein (CP) gene of TMV. The virus retains the TMV
126/183 kDa gene, the movement protein (MP) gene, and the
CP subgenomic mRNA promoter (sgp), which extends into
the CP open reading frame (ORF). The start codon for CP has
been mutated. The virus lacks CP and therefore cannot move
throughout the host plant via phloem. However, cell-to-cell
movement of viral infection remains functional, and the virus
can move slowly to the upper leaves in this manner. A mul-
tiple cloning site (Pacl-Pmel-Agel-Xhol) has been engi-
neered at the end of sgp for expression of foreign genes, and
is followed by the TMV 3' non-translated region (NTR). The
35S promoter is fused at the 5' end of the viral sequence, the
vector sequence is positioned between the BamH1 and Sacl
sites of pBI1121, and the hammerhead ribozyme is placed 3' of
the viral sequence (Chen et al. (2003) Mol. Breed. 11:287).

These constructs were generated to include fusions of
sequences encoding NA to sequences encoding the signal
peptide from tobacco PR-1a protein, a 6x His tag and the
ER-retention anchor sequence KDEL. For constructs con-
taining sequence encoding PR-NA-KDEL, the coding DNA
was introduced into pB1-D4 as Pacl-Xhol fragments. NAV
(NA Vietnam) was introduced directly as a Pacl-Xhol frag-
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ment into pB1-D4. Nucleotide sequences were subsequently
verified spanning the subcloning junctions of the final expres-
sion constructs.

Example 3
Generation of Plants and Antigen Production

Agrobacterium Infiltration of Plants:

Agrobacterium-mediated transient expression system
achieved by Agrobacterium infiltration was utilized (Turpen
et al. (1993) J. Virol. Methods 42:227). Healthy leaves of
Nicotiana benthamiana were infiltrated with 4. rhizogenes
containing viral vectors engineered to express N1NA.

The A. tumifaciens strain A4 (ATCC 43057; ATCC,
Manassas, Va.) was transformed with the constructs pB1-D4-
PR-NA-KDEL and pB1-D4-PR-NA-VAC. Agrobacterium
cultures were grown and induced as described (Kapila et al.
(1997) Plant Sci. 122:101). A 2 ml starter-culture (picked
from a fresh colony) was grown overnight in YEB (5 g/l beef
extract, 1 g/l yeast extract, 5 g/l peptone, 5 g/l sucrose, 2 mM
MgSO,) with 25 pg/ml kanamycin at 28° C. The starter
culture was diluted 1:500 into 500 ml of YEB with 25 pg/ml
kanamycin, 10 mM 2-4(-morpholino)ethanesulfonic acid
(MES) pH 5.6, 2 mM additional MgSO,, and 20 uM acetosy-
ringone. The diluted culture was then grown overnight to an
0.D.gpp of ~1.7 at 28° C. The cells were centrifuged at
3,000xg for 15 minutes and re-suspended in MMA medium
(MS salts, 10 mM MES pH 5.6, 20 g/l sucrose, 200 uM
acetosyringone) to an O.D.4y, of 2.4, kept for 1-3 hour at
room temperature, and used for Agrobacterium-infiltration.
N. benthamiana leaves were injected with the Agrobacte-
rium-suspension using a disposable syringe without a needle.
Infiltrated leaves were harvested 6 days post-infiltration.
Plants were screened for the presence of target antigen
expression by immunoblot analysis. Zymogram analysis
revealed the expression of NA proteins in the N. benthamiana
transgenic roots tested.

Example 4
Production of Antigen

100 mg samples of N. benthamiana infiltrated leaf material
were harvested at 4, 5, 6 and 7 days post-infection. The fresh
tissue was analysed for protein expression right after being
harvested or collected at —80° C. for the preparation of sub-
sequent crude plants extracts or for fusion protein purifica-
tion.

Fresh samples were resuspended in cold PBS 1x plus pro-
tease inhibitors (Roche) in a 1/3 w/v ratio (1 ml/0.3 g of
tissue) and ground with a pestle. The homogenates were
boiled for 5 minutes in SDS gel loading buffer and then
clarified by centrifugation for 5 minutes at 12,000 rpm at4° C.
The supernatants were transferred to fresh tubes, and 20 pl, 1
ul, or dilutions thereof were separated by 12% SDS-PAGE
and analyzed by Western analysis using anti-His,-HA mouse
polyclonal antibodies.

NA expression in N. benthamiana plants infiltrated either
with A. tumefaciens containing the plasmid pBID4-NA-
KDEL led to a specific band corresponding to the molecular
weight of NA-KDEL. Quantification of NA-KDEL expressed
in crude extract was made by immunoblotting both on manu-
ally infiltrated tissues and on vacuum-infiltrated tissues.

Purification of Antigens:

Leaves from plants infiltrated with recombinant 4. fume-
faciens containing the pBID4-NA-KDEL construct were
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ground by homogenization. Extraction buffer with “EDTA-
free” protease inhibitors (Roche) and 1% Triton X-100 was
used at a ratio of 3x (w/v) and rocked for 30 minutes at 4° C.
Extracts were clarified by centrifugation at 9000xg for 10
minutes at 4° C. Supernatants were sequentially filtered
through Mira cloth, centrifuged at 20,000xg for 30 minutes at
4° C., and filtered through a 0.45-um filter before chromato-
graphic purification.

The resulting extracts were cut using ammonium sulfate
precipitation. Briefly, (NH,),SO, was added to 20% satura-
tion, incubated on ice for 1 hour, and spun down at 18,000xg
for 15 minutes. Pellets were discarded and (NH,),SO, was
added slowly to 60% saturation, incubated on ice for 1 hour,
and spun down at 18,000xg for 15 minutes. Supernatants
were discarded and the resulting pellets were resuspended in
buffer, maintained on ice for 20 minutes, and centrifuged at
18,000xg for 30 minutes. Supernatants were dialyzed over-
night against 10,000 volumes of washing buffer.

His-tagged NA-KDEL proteins were purified using Ni-
NTA sepharose (“Chelating Sepharose Fast Flow Column”;
Amersham) at room temperature under gravity. The purifica-
tion was performed under non-denaturing conditions. Pro-
teins were collected as 0.5 ml fractions that were unified,
combined with 20 mM EDTA, dialyzed against 1xPBS over-
night at 4° C., and analyzed by SDS-PAGE. Alternatively,
fractions were collected, unified, combined with 20 mM
EDTA, dialyzed against 10 mM NaH,PO, overnightat 4° C.,
and purified by anion exchange chromatography. For NA-
KDEL purification, anion exchange column Q Sepharose
Fast Flow (Amersham Pharmacia Biosciences) was used.
Samples of the NA-KDEL affinity or ion-exchange purified
proteins were separated on 12% polyacrylamide gels fol-
lowed by Coomassie staining.

After dialysis, samples were analyzed by immunoblotting
using the mAb a-anti-His,. The His-tag was maintained by
the expressed proteins, and the final concentration of the
purified protein was determined using GeneTools software
from Syngene (Frederick, Md.).

Example 5

Derivation of a Murine Hybridoma Secreting
Monoclonal Antibody

A 10 week-old female A/J mouse was injected intraperito-
neally with crudely-purified, plant-expressed vaccine mate-
rial comprised of 50 pg of full-length N1 neuraminidase.
Soluble protein was delivered in 300 pl with no adjuvant.
Identical doses were given 14 days and 24 days later.

Seventy-two hours after the second boost, 45 million
spleen cells were fused with 5 million P3XAg8.653 murine
myeloma cells using polyethylene glycol. The resulting 50
million fused cells were plated at 5x10° cells per well in
10x96 well plates. HAT (hypoxanthine, aminopterin, and
thymidine) selection followed 24 hours later and continued
until colonies arose. All immunoglobulin-secreting hybrido-
mas were subcloned by three rounds of limiting dilution in the
presence of HAT.

Potential hybridomas were screened on ELISA plates for
1gG specific for NIBRG-14, a reverse genetics-derived clone
of A/Vietnam/1194/04 (NIBSC, Mill Hill, UK). Hybridoma
2B9 had a very high specific signal. The specificity of this
monoclonal antibody was tested further by ELISA against
plant-expressed antigens. Supernatant from 10° cells, cul-
tured for 48 hours in 2.5 ml of Iscoves minimally essential
medium supplemented with 10% fetal bovine serum, was
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strongly reactive against NIBRG-14 and N1 neuraminidase,
but not against N2 neuraminidase or H5 hemagglutinin (FIG.
2).

Using an ELISA, the isotype and subclass of the 2B9
anti-N1 monoclonal antibody was determined to be IgG2b'k.

Example 6
Engineering of mAb 2B9 in Plants

RT-PCR was performed on RNA purified from 2B9 hybri-
doma cells using a Novagen kit to determine the sequence of
variable regions. Specific primers then were designed to
clone the full-length antibody light and heavy chain cDNAs.
The nucleotide sequences were obtained using an automated
sequencer, and were translated to determine amino acid
sequences for the light and heavy chains:

2B9 light chain sequence:

(SEQ ID NO: 5)

MRFPAQFLGLLLVWLTGARCDIQMTQSPASLSESVGETVTITCRAS
ENIYSYLAWYQQOKQGKSPQLLVYFAKTLAEGVPSTFSGSGSGTLES
LKINSLQPEDFGNYYCQHHYGTPYTFGGGTKLEIKRADAAPTVSIF
PPSSEQLTSGGASVVCFLNNFYPKDINVKWKIDGSERQNGVLNSWT
DODSKDSTYSMSSTLTLTKDEYERHNSYTCEATHKTSTSPIVKSFN
RNEC

2B9 mAb heavy chain sequence:

(SEQ ID NO: 6)

MGWSWIFLLSVTAGVHSQVQLOQSGAELVRPGTSVKMSCKAAGYTF
TNYWIGWVKQRPGHGLEWIGDIYPENDFSNYNEKFKDKATLTADTS
SRTAYMQLSSLTSEDSAIYYCVRANEGWYLDVWGTGTTVSVSSAKT
TPPSVYPLAPGCGDTTGSSVTLGCLVKGYFPESVTVTWNSGSLSSS
VHTFPALLQSGLYTMSSSVTVPSSTWPSQTVTCSVAHPASSTTVDK
KLEPSGPTSTINPCPPCKECHKCPAPNLEGGPSVFIFPPNIKDVLM
ISLTPKVTCVVVDVSEDDPDVQISWFVNNVEVLTAQTQTHREDYNS
TIRVVSALPIQHQDWMSGKEFKCKVNNKDLPAPIERTISKIKGIVR
APQVYILSPPPEQLSRKDVSLTCLAVGFSPEDISVEWTSNGHTEEN
YKNTAPVLDSDGSYFIYSKLDIKTSKWEKTDSFSCNVRHEGLHSYY

LKKTISRSPGK

Example 6
Characterization of Antibody Inhibitory Activity

For characterization of antibody activity, an assay based on
the recommended WHO neuraminidase assay protocol was
used, with minor modifications. For each assay, reactions
were conducted in triplicate and consisted of:

a) 1 pl fresh extract prepared from plant tissue that had been
infiltrated with an expression vector encoding
neuraminidase (N1) lacking the N-terminal transmem-
brane domain; to prepare the plant extracts 1 pl of buffer
was used for each mg of plant tissue.

b) no antibody (positive control) or a volume of mono-
clonal antibody (either Ab aN1 [from hybridoma 2B9]
or Ab RSV [antibody against viral RSV F protein raised
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in mouse]), such that the molar ratio of neuraminidase to

antibody was 1:1, 1:10, 1:20 or 1:30
It is noted that the neuraminidase antibody and RSV F anti-
body were of the same isotype (murine IgG2b). Reactions
were incubated at room temperature for 30 minutes to give the
antibodies the opportunity to recognize the plant-produced
neuraminidase. Reactions were then incubated at 37° C., an
optimum temperature for neuraminidase activity. Product
(sialic acid) accumulation was assessed colorimetrically at
549 nm using a spectrophotometer, and quantified against
sialic acid standards.

The percentage of neuraminidase inhibition was calculated
using the equation % inhibition=([PC-Tr]/PC)x100, where
PC is the neuraminidase activity of the positive control, and
Tr is the neuraminidase activity of the antibody/neuramini-
dase combination.

A molar comparison of the antibody’s ability to inhibit
viral neuraminidase is depicted in FIG. 3. Percent neuramini-
dase inhibition (calculated according to the equation above) is
shown on the y-axis and the molar ratio of neuraminidase to
antibody (1:1, 1:10, 1:20 or 1:30) is shown on the x-axis as
R1,R10,R20 or R30, respectively. Standard errors are shown
for p<0.05.

Inhibition of plant-expressed neuraminidase activity was
observed in the presence of the murine monoclonal antibody
that was generated against this same plant-expressed
neuraminidase. For comparison, the inability of an unrelated
(RSV) antibody to inhibit the same plant produced
neuraminidase also is shown (FIG. 3).

To determine whether anti-NA 2B9 is capable of recogniz-
ing N1 antigens from influenza strains besides the strain from
which the 2B9 antigen was originally derived, neuraminidase
assays were performed using three different HSN1 strains
(A/Vietnam/1203/04, A/Hong Kong/156/97, and A/Indone-
sia/05), one HINI strain (A/New Caldonia/99), and one
H3N2 strain (A/Udorn/72). In these experiments, NA inhibi-
tion was measured using 2'-(4-Methylumbelliferyl)-a.-D-N-
acetylneuraminic acid, which liberates a quantifiable fluores-
cent tag in response to sialidase activity. MDNA has
absorption and fluorescence emission maxima of approxi-
mately 365 and 450, respectively, and signal can be detected
fluorometrically with a sensitivity as low as 10° virus par-
ticles/m1(10* particles total) with a broad linear range of 0-30
fold dilutions of the virus stock. The system used amplified
live virus which was diluted to the appropriate concentration
in reaction buffer (100 mM sodium acetate, pH 6.5, 10 mM
CaCl,) and added directly to plates containing 2-fold serial
dilutions of the tested antibody. Because active NA is located
on the viral surface, no purification of NA protein was nec-
essary to measure enzymatic activity. The antibody was
2-fold serially-diluted and aliquoted in triplicate into 384
microplate wells. Titrated virus (also diluted in reaction
buffer) was added to the plate wells, followed by a 30 minute
incubation. MDNA was diluted to 0.2 mM in reaction buffer
and added to the plate wells, and the reaction was allowed to
proceed for and additional 30 minutes. The reaction was
stopped by addition of 200 mM sodium carbonate, pH 9.5.

Titration of each cell-culture amplified virus strain was
performed prior to the assay to establish the linear range of
NA activity detection. Oseltamivir carboxylate (Tamiflu®, 2
uM) was used as a control drug for this assay. Oseltamivir
carboxylate is a specific inhibitor of influenza virus NA activ-
ity and is available from the SRI chemical respository.

Antibody dilutions and controls were run in triplicate
assays (Table 1). Antibody concentrations from 1-250 pg/ml
(final well volume) were tested, and oseltamivir carboxylate
(2 uM final well concentration) was included as a positive
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inhibition control. A summary of the ICs, results for each
virus strain is presented in Table 1.

TABLE 1

NA assay IC<,* results

Virus Antibody IC5, (ug/ml)
A/Udorn/72 N/D**

10 A/NC/99 125-250
A/VN/O4 <1
A/HK/97 16-33
A/Indo/05 4-8

*[Cso = 50% inhibitory concentration
**N/D = not determined
15

Example 7

Inhibition of NA from Cross-Clade 2B9
20
The inhibitory effect of the 2B9 antibody against other
influenza strains, including strains resistant to oseltamivir,
also was examined Results are presented in Table 2. 2B9
demonstrated the highest level of inhibition against the
25 A/Vietnam/1203/04 virus, and inhibited NA from isolates in
different clades, including oseltamivir-resistant strains. The
IC5, for 2B9 was slightly higher when tested with
A/HongKong/156/97, suggesting that 2B9 may inhibit NA
from recent HSN1 isolates more efficiently.

30
TABLE 2
IC5, of 2B9 against various influenza strains
35 Virus Oseltamivir IC50* pg/ml
H3N2 S§ N/DT
A/Udorn/72
HINI1
40 A/New Caledonia/20/99 S 125-250
H5N1
Clade 1
A/Vietnam/1203/04 S =<1
A/Vietnam/HN/30408/05 R 0.5-1
45 Clade 2.1
A/Indoesia/05/05 S 4-8
Clade 2.2
A/Egypt-2/14724/NAMRU3/06 R 1-2
A/Egypt/14725/NAMRU3/06 R 1-2
30 Clade 2.3
A/Hong Kong/156/97 S 16-33
Clade 3
A/duck/Hong Kong/380.5/01 R 0.3-0.5
55
*ICs0, 50% inhibitory concentration
§S, oseltamivir sensitive; R, oseltamivir resistant
TN@, not determined
60 Example 8
Mouse Challenge with a/Vn/1203/04
Mice were administered 500 ng of ascites purified 2B9
65 intravenously for 5 days beginning at 1 hour before challenge

with A/VN/1203/04. PBS was used as a control. As shown in
FIG. 4, no mice treated with PBS survived more than 8 days,
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whereas about half of the mice treated with 2B9 were still
alive at the 2-week endpoint of the study.

Example 9

Humanized 2B9

The 2B9 heavy and light chain sequences were directly
subcloned into a pBI121-based vector, one each for heavy
(HC) and light chain (LC). Humanized sequences were
obtained from Antitope Ltd. (Cambridge, UK). Sequences
were optimized for plant expression by GeneArt, Inc. (Burl-
ingame, Calif.) before being cloned into the pBI121 expres-
sion vector.

For transient expression of the 2B9 mAb in plants, Agro-
bacterium tumefaciens strain GV3101 was transformed with
appropriate vectors. Bacterial cultures were grown overnight,
diluted to OD,,=0.5, mixed at a ratio of 2:1 (HC:LC), and
used in agroinfiltration of Nicotiana benthamiana leaves. The
leaves were harvested 5 days post-infiltration.

To purify the plant-produced mAb, plant tissue was
homogenized in 3 volumes of extraction buffer (50 mM Tris-
HClpH 7.5, 10 mM EDTA) containing 10 mM sodium dieth-
yldithiocarbamate, 0.5% Triton X-100 and centrifuged for 30
minutes at 15,000xg at 4° C. The supernatant was filtered
through Miracloth and spun at 75,000xg for 30 minutes,
followed by microfiltration through 0.2 pm syringe filters.
The antibodies were purified using 5 ml HiTrap MabSelect
SuRe column (GE Healthcare, Piscataway, N.J.). The anti-
body concentration was estimated on Coomassie stained 10%
SDS-PAGE gel using whole human IgG (Jackson Immunore-
search Laboratories, West Grove, Pa.) as a standard.

Two humanized light chains and two humanized heavy
chains were generated, and were produced in each possible
combination, as shown in the gel depicted in FIG. 5. The
sequences of the humanized light and heavy chains are shown
below.

h2B9 heavy chain (G2):
(SEQ ID NO:

MGWSLILLFLVAVATRVHSQVQLVQSGSELKKPGASVKMSCKAAGY

7)

TFTNYWIGWVRQAPGQGLEWIGDIYPENDFSNYNEKFKDRATLTAD
TSTRTAYMELSSLRSEDTAVYYCVRANEGWYLDVWGQGTTVTVSSA
STKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALT
SGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTK
VDKRVESKYGPPCPSCPAPEFLGGPSVFLFPPKPKDTLMISRTPEV
TCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVV SV
LTVLHQDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTL
PPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSL
SLGK

h2B9 heavy chain (G5):

(SEQ ID NO:
MGWSLILLFLVAVATRVHSQVQLVQSGSELKKPGASVKVSCKAAGY

8)

TFTNYWIGWVRQAPGQGLEWIGDIYPENDFSNYNEKFKDRVTITAD

TSTSTAYMELSSLRSEDTAVYYCVRANEGWYLDVWGQGTTVTVSSA

STKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALT
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-continued

SGVHTFPAVLQS SGLYSLSSVVTVPSSSLGTKTY TCNVDHKPSNTK
VDKRVESKYGPPCPSCPAPEFLGGPSVFLEFPPKPKDTLMI SRTPEV
TCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSY
LTVLHQDWLNGKEYKCKVSNKGLPS ST EKTISKAKGQPREPQVYTL
PPSQEEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV
LDSDGSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYTQKSLSL
SLGK

h2B9 light chain (K3):

(SEQ ID NO:
MRVPAQLLGLLLLWLPGARCDIQMTQSPSSLSASVGDRVTITCRAS

9)

ENIYSYLAWYQQKPGKAPKLLVYFAKTLAEGVPSRFSGSGSGTEFT
LTISSLOQPDDFANYYCQHHYGTPYTFGQGTKLEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFEFN
RGEC

h2B9 light chain (K4) :

(SEQ ID NO: 10)
MRVPAQLLGLLLLWLPGARCDIQMTQSPSSLSASVGDRVTITCRAS

ENIYSYLAWYQQKPGKAPKLLVYFAKTLAEGVPSRFSGSGSGTEFT
LTISSLOQPDDFATYYCQHHYGTPYTFGQGTKLEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVOQWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFN

RGEC

Inaddition, humanized antibodies were generated in which
the heavy chain glycosylation sites were mutated. These are
designated as “G2M” and “G5M” in FIG. 5, for example.

The various humanized 2B9 antibodies were produced in
plants and examined by ELISA for antigen binding. As shown
in FIG. 6, antibody concentration was correlated directly with
antigen binding, although the different combinations of
heavy and light humanized chains had somewhat varying
antigen binding capabilities. For example, at the lowest con-
centration studied, antibodies with a mutated glycosylation
site in their heavy chain demonstrated greater antigen binding
than antibodies without a mutated heavy chain glycosylation
site, with the exception of the G5K4 combination.

Experiments also were conducted to measure inhibition of
NA activity by humanized 2B9 antibodies produced in plants
or in CHO cells. The data presented in Table 3 show the IC,,
values for the various h2B9 antibodies, as indicated. The IC,,
of 2B9 from mouse ascites was 0.82 (x0.09) pg/ml.
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Inhibition of NA activity by plant-produced h2B9

CHO- Plant- Plant-

produced produced produced

humanized  ICsq humanized  ICsqo humanized  ICsq

2B9 (ug/ml) 2B9 (ng/ml) 2B9 (ng/ml)
VH2VK3 2.28 G2K3 0.50 (£0.09) G2MK3 0.51 (£0.3)
VH2VK4 0.42 (£0.16) G2K4 1.16 (x0.17) G2MK4 0.77 (£0.07)
VH5VK3 0.72 (£0.02) G35K3 0.45 (£0.12) G5MK3 0.54 (£0.05)
VH5VK4 0.53 (£0.19) G5K4 0.21 (=0.01) G5MK4 0.35 (0.06)

The half life of hybridoma- or plant-produced 2B9 was
examined by injecting the antibody into mice either intramus-
cularly or intravenously. Hybridoma- and plant-produced
2B9 had a half life of 4.3 days when administered intramus-
cularly (FIG. 7). The half life of the antibody was less when it
was administered intravenously, at 3.3 days for the hybri-
doma-produced version and 2.2 days for the plant prepara-
tion.

Taken together, the data presented herein demonstrate that
the N1NA-specific monoclonal antibody, 2B9, has broad
cross-reactivity to strains of influenza from clades 1, 2, and 3,
including drug-resistant strains. 2B9 also provides protection
against homologous virus challenge in vivo, and it may be
useful for diagnostics and for post- and pre-exposure treat-

15

20

25

ment for influenza. The plant-produced h2B9 antibody had
1C,, values similar to that of hybridoma-produced 2B9.

Other Embodiments

It is to be understood that while the invention has been
described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate and
not limit the scope of the invention, which is defined by the
scope of the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims.
All references cited herein are incorporated by reference in
their entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 12
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 449
TYPE: PRT
ORGANISM:

Influenza A virus

<400> SEQUENCE: 1

Met Asn Pro Asn Gln
1 5

Ile Ile Thr Ile

10

Lys Gly Ser

Thr Ile Val

20

Gln
25

Gly Ser Leu Met Leu Ile Gly Asn

Val Ile Thr

40

Trp Ser His Ser His Gly Asn Gln His

Ile Thr Thr Glu Ala Val

60

Leu
55

Ser Asn Asn Leu

50

Lys

Ala Ile Asn

75

Ser Leu Pro

70

Leu Asn Ser

65

Gly Cys Gly

Ile Ile Ser

90

Ser
85

Ser Lys Asp Asn Arg Gly Lys Gly

Ile Glu Phe Ile Ser His Leu Glu

105

Pro Ser

100

Arg Cys

Phe Thr

115

Gln Ala Leu Asn His

120

Leu Gly Leu Asp Lys

Val Thr Met Ser

140

His Leu

135

Lys Ser Pro

130

Asp Arg Arg

Glu
145

Ala Phe Glu

155

Pro Ser Pro Tyr Asn Ser Ser

150

Arg

Ala Ala His Thr Ser Leu Thr

165

Ser Cys Asp Gly Trp

170

Ala Val Ala Val

185

Gly Asn Leu

180

Pro Asp Gly Lys Tyr

Ile

Met

Gln

Ala

Trp

Asp

Cys

Ser

125

Cys

Val

Ile

Asn

Cys

Ile

Met
15

Val

Ser Ile

30

Ser

Ser

Ala

Val

Arg

Glu Pro

Val Lys

Val Tyr

80

Phe
95

Val

Thr Phe

110

Asn

Pro

Ala

Gly

Gly

Gly Thr

Val Gly

Ser
160

Trp

Ile
175

Ser

Ile Ile

190
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48

Thr

Ser

Gly

225

Gly

Glu

Arg

Asn

Asn

305

Asn

Met

Ser
385
Cys

Trp

Lys

Asp

Glu

210

Pro

Lys

Glu

Asp

Leu

290

Pro

Gly

Trp

Ile

Lys

370

Phe

Phe

Thr

Gly

Thr

195

Cys

Ser

Val

Cys

Asn

275

Glu

Arg

Ala

Ile

Trp

355

Gln

Val

Trp

Ser

Trp
435

Ile

Ala

Asn

Val

Ser

260

Trp

Tyr

Pro

Gly

Gly

340

Asp

Asp

Gln

Val

Gly

420

Ser

Lys

Cys

Gly

Lys

245

Cys

His

Gln

Asn

Gly

325

Arg

Pro

Ile

His

Glu

405

Ser

Trp

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1

Ile

Gln

Ile

65

Leu

Phe

Asn

Ser

Thr

Val

50

Val

Ala

Ala

Pro

Thr

Leu

35

Met

Tyr

Glu

Pro

Asn

Ile

20

His

Leu

Leu

Tyr

Phe
100

469

Ser

Val

Gln

230

Ser

Tyr

Gly

Ile

Asp

310

Val

Thr

Asn

Val

Pro

390

Leu

Ser

Pro

Trp

Asn

215

Ala

Val

Pro

Ser

Gly

295

Gly

Lys

Lys

Gly

Ala

375

Glu

Ile

Ile

Asp

Influenza A

2

Gln

5

Cys

Phe

Cys

Thr

Arg
85

Ser

Lys

Phe

Lys

Glu

Asn

70

Asn

Lys

Ile

Phe

Gln

Pro

55

Thr

Trp

Asp

Arg

200

Gly

Ser

Glu

Asp

Asn

280

Tyr

Thr

Gly

Ser

Trp

360

Ile

Leu

Arg

Ser

Gly
440

Asn

Ser

His

Leu

Ala

265

Arg

Ile

Gly

Phe

Thr

345

Thr

Thr

Thr

Gly

Phe

425

Ala

virus

Ile

Met

Tyr

40

Thr

Thr

Ser

Asn

Thr

Gln

25

Glu

Ile

Ile

Lys

Ser
105

Asn

Cys

Lys

Asp

250

Gly

Pro

Cys

Ser

Ser

330

Asn

Glu

Asp

Gly

Arg

410

Cys

Glu

Ile

Ile

Phe

Ile

Glu

Pro

90

Ile

Ile

Phe

Ile

235

Ala

Glu

Trp

Ser

Cys

315

Phe

Ser

Thr

Trp

Leu

395

Pro

Gly

Leu

Gly

Ala

Asn

Glu

Lys

75

Gln

Arg

Leu

Thr

220

Phe

Pro

Ile

Val

Gly

300

Gly

Lys

Arg

Asp

Ser

380

Asp

Lys

Val

Pro

Ser

Ile

Ser

Arg

60

Glu

Cys

Leu

Arg

205

Val

Lys

Asn

Thr

Ser

285

Val

Pro

Tyr

Ser

Ser

365

Gly

Cys

Glu

Asn

Phe
445

Val

Leu

Pro

45

Asn

Ile

Asn

Ser

Thr

Met

Met

Tyr

Cys

270

Phe

Phe

Val

Gly

Gly

350

Ser

Tyr

Ile

Ser

Ser

430

Thr

Ser

Ile

30

Pro

Ile

Cys

Ile

Ala
110

Gln

Thr

Glu

His

255

Val

Asn

Gly

Ser

Asn

335

Phe

Phe

Ser

Arg

Thr

415

Asp

Ile

Leu

15

Thr

Asn

Thr

Pro

Thr

95

Gly

Glu

Asp

Lys

240

Tyr

Cys

Gln

Asp

Ser

320

Gly

Glu

Ser

Gly

Pro

400

Ile

Thr

Asp

Thr

Thr

Asn

Glu

Lys

80

Gly

Gly
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50

Asp

Cys

Ser

145

Asn

Ala

Cys

Gly

Thr

225

Met

Ile

Gln

Cys

Ile

305

Leu

Cys

Ala

Lys

Asn

385

Gly

Cys

Glu

Thr

Asn
465

<210>
<211>
<212>
<213>
<220>
<221>
<223>

Ile

Tyr

130

Asn

Glu

Trp

Val

Arg

210

Gln

Thr

Glu

His

Val

290

Asn

Val

Leu

Phe

Leu

370

Pro

Asn

Ile

Thr

Ser
450

Leu

Trp

115

Gln

Asp

Leu

Ser

Thr

195

Leu

Glu

Asp

Glu

Val

275

Cys

Ile

Gly

Asp

Asp

355

Arg

Asn

Arg

Asn

Glu

435

Gly

Met

Val

Phe

Thr

Gly

Ser

180

Gly

Val

Ser

Gly

Gly

260

Glu

Arg

Lys

Asp

Pro

340

Asp

Ser

Ser

Ser

Arg

420

Val

Thr

Pro

Thr

Ala

Val

Val

165

Ser

Asp

Asp

Glu

Ser

245

Lys

Glu

Asp

Asp

Thr

325

Asn

Gly

Gly

Lys

Gly

405

Cys

Leu

Tyr

Ile

SEQ ID NO 3
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:

NAME /KEY :
OTHER INFORMATION:

1446

Arg

Leu

His

150

Pro

Ser

Asp

Ser

Cys

230

Ala

Ile

Cys

Asn

Tyr

310

Pro

Asn

Asn

Tyr

Leu

390

Tyr

Phe

Trp

Gly

Glu

Gly

135

Asp

Phe

Cys

Glu

Ile

215

Val

Ser

Val

Ser

Trp

295

Ser

Arg

Glu

Asp

Glu

375

Gln

Ser

Tyr

Thr

Thr
455

Pro

120

Gln

Arg

His

His

Asn

200

Val

Cys

Gly

His

Cys

280

Lys

Ile

Lys

Glu

Val

360

Thr

Ile

Gly

Val

Ser

440

Gly

Tyr

Gly

Thr

Leu

Asp

185

Ala

Ser

Ile

Lys

Thr

265

Tyr

Gly

Val

Asn

Gly

345

Trp

Phe

Asn

Ile

Glu

425

Asn

Ser

Val

Thr

Pro

Gly

170

Gly

Thr

Trp

Asn

Ala

250

Ser

Pro

Ser

Ser

Asp

330

Gly

Met

Lys

Arg

Phe

410

Leu

Ser

Trp

Ser

Thr

Tyr

155

Thr

Lys

Ala

Ser

Gly

235

Asp

Thr

Arg

Asn

Ser

315

Ser

His

Gly

Val

Gln

395

Ser

Ile

Ile

Pro

Cys

Leu

140

Arg

Lys

Ala

Ser

Lys

220

Thr

Thr

Leu

Tyr

Arg

300

Tyr

Ser

Gly

Arg

Ile

380

Val

Val

Arg

Val

Asp
460

Asp

125

Asn

Thr

Gln

Trp

Phe

205

Lys

Cys

Lys

Ser

Pro

285

Pro

Val

Ser

Val

Thr

365

Glu

Ile

Glu

Gly

Val

445

Gly

synthetic polynucleotide

Pro

Asn

Leu

Val

Leu

190

Ile

Ile

Thr

Ile

Gly

270

Gly

Ile

Cys

Ser

Lys

350

Ile

Gly

Val

Gly

Arg

430

Phe

Ala

Asp

Val

Leu

Cys

175

His

Tyr

Leu

Val

Leu

255

Ser

Val

Val

Ser

Ser

335

Gly

Ser

Trp

Asp

Lys

415

Lys

Cys

Asp

Lys

His

Met

160

Ile

Val

Asn

Arg

Val

240

Phe

Ala

Arg

Asp

Gly

320

His

Trp

Glu

Ser

Arg

400

Ser

Gln

Gly

Ile
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<400> SEQUENCE: 3

ggatccttaa ttaaaatggg attcgtgett ttctctcage ttecttettt cettettgtg 60
tctactette ttcettttect tgtgatttct cactcttgece gtgctcaaaa tgtcgacctt 120
atgcttcaga ttggaaacat gatttctatt tgggtgtcac actctattca cactggaaac 180
cagcatcagt ctgagccaat ttctaacact aaccttttga ctgagaaggce tgtggettet 240
gttaagttgyg ctggaaactc ttctectttge cctattaacyg gatgggetgt gtactctaag 300
gataactcta ttaggattgg atctaaggga gatgtgttcg tgattaggga gccattcatt 360
tcttgctete accttgagtyg ccgtacttte ttecttactce agggtgctcet tettaacgat 420
aagcactcta acggaactgt gaaggatagg tctccacaca ggactcttat gtcttgtcca 480
gttggagaag ctccatctcee atacaactct agattcgagt ctgttgettg gagtgettet 540
gecttgccatyg atggaacttce atggettact attggaattt ctggaccaga taacggaget 600
gttgctgtge ttaagtacaa cggaattatt actgatacca tcaagtcttg gaggaacaac 660
attcttagga ctcaggagtc tgagtgtget tgegttaacyg gatcttgett cactgtgatg 720
actgatggac catctaatgg acaggcttct cacaagattt tcaagatgga gaagggaaag 780
gttgtgaagt ctgtggaact tgatgctcca aactaccatt acgaggagtg ttcttgctat 840
ccagatgcetyg gagagattac ttgtgtgtge cgtgataatt ggcatggatc taacaggcca 900
tgggtgtcat tcaatcagaa ccttgagtac cagattggtt acatttgcte tggagtgtte 960
ggagataatc caaggccaaa cgatggaact ggatcttgtg gaccagtgtc atctaatgga 1020
gctggaggag tgaagggatt ctcectttcaag tacggaaacyg gagtttggat tggaaggact 1080
aagtctacta actctaggag tggattcgag atgatttggg acccaaacgg atggactgag 1140
actgattctt ctttctctgt gaagcaggat attgtggcta ttactgattg gagtggatac 1200
tctggatett tegttcagca cccagagctt actggacttg attgcattag gecatgette 1260
tgggttgaac ttattagggg aaggccaaag gagtctacta tttggacttc tggatcttct 1320
atttctttet gecggagtgaa ttcectgatact gtgggatggt cttggccaga tggagctgag 1380
cttccattca ctattgataa ggtcgaccat catcatcatc accacaagga tgagctttga 1440
ctcgag 1446

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 4
H: 428
PRT

<213> ORGANISM: Artificial Sequence

<220> FEATU
<221> NAME/

<223> OTHER INFORMATION:

<400> SEQUE:

Leu Met Leu
1

Ile His Thr
Leu Leu Thr
35

Ser Leu Cys
50

Ile Arg Ile
65

Ile Ser Cys

RE:
KEY:

NCE: 4

Gln Ile Gly Asn Met

5

Gly Asn Gln His Gln

20

Glu Lys Ala Val Ala

40

Pro Ile Asn Gly Trp

55

Gly Ser Lys Gly Asp

70

Ser His Leu Glu Cys

Ile

Ser

25

Ser

Ala

Val

Arg

Ser

10

Glu

Val

Val

Phe

Thr

Ile

Pro

Lys

Tyr

Val

75

Phe

synthetic polypeptide

Trp Val Ser

Ile Ser Asn
30

Leu Ala Gly
45

Ser Lys Asp
60

Ile Arg Glu

Phe Leu Thr

His Ser
15

Thr Asn

Asn Ser

Asn Ser

Pro Phe

80

Gln Gly
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Ala

Pro

Tyr

Asp

145

Ala

Ser

Gln

Ser

225

Tyr

Gly

Ile

Asp

305

Thr

Asn

Pro
Leu
385

Ser

Pro

<210>
<211>
<212>
<213>
<220>
<221>
<223>

Leu

His

Asn

130

Gly

Val

Trp

Asn

Ala

210

Val

Pro

Ser

Gly

Gly

290

Lys

Lys

Gly

Ala

Glu

370

Ile

Ile

Asp

Leu

Arg

115

Ser

Thr

Ala

Arg

Gly

195

Ser

Glu

Asp

Asn

Tyr

275

Thr

Gly

Ser

Trp

Ile

355

Leu

Arg

Ser

Gly

Asn

100

Thr

Arg

Ser

Val

Asn

180

Ser

His

Leu

Ala

Arg

260

Ile

Gly

Phe

Thr

Thr

340

Thr

Thr

Gly

Phe

Ala
420

PRT

<400> SEQUENCE:

85

Asp

Leu

Phe

Trp

Leu

165

Asn

Cys

Lys

Asp

Gly

245

Pro

Cys

Ser

Ser

Asn

325

Glu

Asp

Gly

Arg

Cys

405

Glu

SEQ ID NO 5
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

NAME /KEY :
OTHER INFORMATION:

234

5

Lys

Met

Glu

Leu

150

Lys

Ile

Phe

Ile

Ala

230

Glu

Trp

Ser

Cys

Phe

310

Ser

Thr

Trp

Leu

Pro

390

Gly

Leu

His

Ser

Ser

135

Thr

Tyr

Leu

Thr

Phe

215

Pro

Ile

Val

Gly

Gly

295

Lys

Arg

Asp

Ser

Asp

375

Lys

Val

Pro

Ser

Cys

120

Val

Ile

Asn

Arg

Val

200

Lys

Asn

Thr

Ser

Val

280

Pro

Tyr

Ser

Ser

Gly

360

Cys

Glu

Asn

Phe

Asn

105

Pro

Ala

Gly

Gly

Thr

185

Met

Met

Tyr

Cys

Phe

265

Phe

Val

Gly

Gly

Ser

345

Tyr

Ile

Ser

Ser

Thr
425

90

Gly

Val

Trp

Ile

Ile

170

Gln

Thr

Glu

His

Val

250

Asn

Gly

Ser

Asn

Phe

330

Phe

Ser

Arg

Thr

Asp

410

Ile

Thr

Gly

Ser

Ser

155

Ile

Glu

Asp

Lys

Tyr

235

Cys

Gln

Asp

Ser

Gly

315

Glu

Ser

Gly

Pro

Ile

395

Thr

Asp

Val

Glu

Ala

140

Gly

Thr

Ser

Gly

Gly

220

Glu

Arg

Asn

Asn

Asn

300

Val

Met

Val

Ser

Cys

380

Trp

Val

Lys

synthetic polypeptide

Lys

Ala

125

Ser

Pro

Asp

Glu

Pro

205

Lys

Glu

Asp

Leu

Pro

285

Gly

Trp

Ile

Lys

Phe

365

Phe

Thr

Gly

Asp

110

Pro

Ala

Asp

Thr

Cys

190

Ser

Val

Cys

Asn

Glu

270

Arg

Ala

Ile

Trp

Gln

350

Val

Trp

Ser

Trp

95

Arg

Ser

Cys

Asn

Ile

175

Ala

Asn

Val

Ser

Trp

255

Tyr

Pro

Gly

Gly

Asp

335

Asp

Gln

Val

Gly

Ser
415

Ser

Pro

His

Gly

160

Lys

Cys

Gly

Lys

Cys

240

His

Gln

Asn

Gly

Arg

320

Pro

Ile

His

Glu

Ser

400

Trp

Met Arg Phe Pro Ala Gln Phe Leu Gly Leu Leu Leu Val Trp Leu Thr

1

5

10

15
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56

Gly

Glu

Ile

Gln

65

Thr

Ser

Gly

Ala

Leu

145

Pro

Asn

Tyr

Ile
225

<210>
<211>
<212>
<213>
<220>
<221>
<223>

Ala

Ser

Tyr

50

Leu

Phe

Leu

Thr

Asp

130

Thr

Lys

Gly

Ser

Asn

210

Val

Arg

Val

35

Ser

Leu

Ser

Gln

Pro

115

Ala

Ser

Asp

Val

Met

195

Ser

Lys

Cys

20

Gly

Tyr

Val

Gly

Pro

100

Tyr

Ala

Gly

Ile

Leu

180

Ser

Tyr

Ser

PRT

<400> SEQUENCE:

Met Gly Trp Ser

1

Ser

Thr

Tyr

Ile

65

Phe

Tyr

Cys

Thr

Gln

Ser

Trp

50

Gly

Lys

Met

Val

Thr
130

Val

Val

Ile

Asp

Asp

Gln

Arg

115

Val

Gln

20

Lys

Gly

Ile

Lys

Leu

100

Ala

Ser

Asp

Glu

Leu

Tyr

Ser

Glu

Thr

Pro

Gly

Asn

165

Asn

Ser

Thr

Phe

SEQ ID NO 6
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

NAME /KEY :
OTHER INFORMATION:

471

6

Trp

5

Leu

Met

Trp

Tyr

Ala

85

Ser

Asn

Val

Ile

Thr

Ala

Phe

70

Gly

Asp

Phe

Thr

Ala

150

Val

Ser

Thr

Cys

Asn
230

Ile

Gln

Ser

Val

Pro

70

Thr

Ser

Glu

Ser

Gln

Val

Trp

55

Ala

Ser

Phe

Gly

Val

135

Ser

Lys

Trp

Leu

Glu

215

Arg

Met

Thr

40

Tyr

Lys

Gly

Gly

Gly

120

Ser

Val

Trp

Thr

Thr

200

Ala

Asn

Thr

25

Ile

Gln

Thr

Thr

Asn

105

Gly

Ile

Val

Lys

Asp

185

Leu

Thr

Glu

Gln

Thr

Gln

Leu

Leu

90

Tyr

Thr

Phe

Cys

Ile

170

Gln

Thr

His

Cys

Ser

Cys

Lys

Ala

75

Phe

Tyr

Lys

Pro

Phe

155

Asp

Asp

Lys

Lys

Pro

Arg

Gln

60

Glu

Ser

Cys

Leu

Pro

140

Leu

Gly

Ser

Asp

Thr
220

synthetic polypeptide

Phe

Gln

Cys

Lys

55

Glu

Leu

Leu

Gly

Ser
135

Leu

Ser

Lys

40

Gln

Asn

Thr

Thr

Trp
120

Ala

Leu

Gly

25

Ala

Arg

Asp

Ala

Ser

105

Tyr

Lys

Ser

10

Ala

Ala

Pro

Phe

Asp

90

Glu

Leu

Thr

Val

Glu

Gly

Gly

Ser

75

Thr

Asp

Asp

Thr

Thr

Leu

Tyr

His

60

Asn

Ser

Ser

Val

Pro
140

Ala

Ala

45

Gly

Gly

Leu

Gln

Glu

125

Ser

Asn

Ser

Lys

Glu

205

Ser

Ala

Val

Thr

45

Gly

Tyr

Ser

Ala

Trp
125

Pro

Ser

30

Ser

Lys

Val

Lys

His

110

Ile

Ser

Asn

Glu

Asp

190

Tyr

Thr

Gly

Arg

30

Phe

Leu

Asn

Arg

Ile

110

Gly

Ser

Leu

Glu

Ser

Pro

Ile

His

Lys

Glu

Phe

Arg

175

Ser

Glu

Ser

Val

15

Pro

Thr

Glu

Glu

Thr

95

Tyr

Thr

Val

Ser

Asn

Pro

Ser

80

Asn

Tyr

Arg

Gln

Tyr

160

Gln

Thr

Arg

Pro

His

Gly

Asn

Trp

Lys

80

Ala

Tyr

Gly

Tyr
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US 9,115,201 B2

-continued

58

Pro

145

Gly

Asn

Gln

Thr

Ser

225

Ile

Asn

Asp

Asp

Asn

305

Asn

Trp

Pro

Ala

Lys

385

Ile

Asn

Lys

Cys

Ile
465

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

Leu

Cys

Ser

Ser

Trp

210

Thr

Asn

Leu

Val

Val

290

Val

Ser

Met

Ala

Pro

370

Asp

Ser

Thr

Leu

Asn

450

Ser

Ala

Leu

Gly

Gly

195

Pro

Thr

Pro

Glu

Leu

275

Ser

Glu

Thr

Ser

Pro

355

Gln

Val

Val

Ala

Asp

435

Val

Arg

Pro

Val

Ser

180

Leu

Ser

Val

Cys

Gly

260

Met

Glu

Val

Ile

Gly

340

Ile

Val

Ser

Glu

Pro

420

Ile

Arg

Ser

PRT

SEQUENCE :

Gly

Lys

165

Leu

Tyr

Gln

Asp

Pro

245

Gly

Ile

Asp

Leu

Arg

325

Lys

Glu

Tyr

Leu

Trp

405

Val

Lys

His

Pro

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

NAME /KEY :
OTHER INFORMATION:

464

7

Cys

150

Gly

Ser

Thr

Thr

Lys

230

Pro

Pro

Ser

Asp

Thr

310

Val

Glu

Arg

Ile

Thr

390

Thr

Leu

Thr

Glu

Gly
470

Gly

Tyr

Ser

Met

Val

215

Lys

Cys

Ser

Leu

Pro

295

Ala

Val

Phe

Thr

Leu

375

Cys

Ser

Asp

Ser

Gly

455

Lys

Asp

Phe

Ser

Ser

200

Thr

Leu

Lys

Val

Thr

280

Asp

Gln

Ser

Lys

Ile

360

Ser

Leu

Asn

Ser

Lys

440

Leu

Thr

Pro

Val

185

Ser

Cys

Glu

Glu

Phe

265

Pro

Val

Thr

Ala

Cys

345

Ser

Pro

Ala

Gly

Asp

425

Trp

His

Thr

Glu

170

His

Ser

Ser

Pro

Cys

250

Ile

Lys

Gln

Gln

Leu

330

Lys

Lys

Pro

Val

His

410

Gly

Glu

Ser

Gly

155

Ser

Thr

Val

Val

Ser

235

His

Phe

Val

Ile

Thr

315

Pro

Val

Ile

Pro

Gly

395

Thr

Ser

Lys

Tyr

Val

Phe

Thr

Ala

220

Gly

Lys

Pro

Thr

Ser

300

His

Ile

Asn

Lys

Glu

380

Phe

Glu

Tyr

Thr

Tyr
460

synthetic polypeptide

Ser

Thr

Pro

Val

205

His

Pro

Cys

Pro

Cys

285

Trp

Arg

Gln

Asn

Gly

365

Gln

Ser

Glu

Phe

Asp

445

Leu

Val

Val

Ala

190

Pro

Pro

Thr

Pro

Asn

270

Val

Phe

Glu

His

Lys

350

Ile

Leu

Pro

Asn

Ile

430

Ser

Lys

Thr

Thr

175

Leu

Ser

Ala

Ser

Ala

255

Ile

Val

Val

Asp

Gln

335

Asp

Val

Ser

Glu

Tyr

415

Tyr

Phe

Lys

Leu

160

Trp

Leu

Ser

Ser

Thr

240

Pro

Lys

Val

Asn

Tyr

320

Asp

Leu

Arg

Arg

Asp

400

Lys

Ser

Ser

Thr

Met Gly Trp Ser Leu Ile Leu Leu Phe Leu Val Ala Val Ala Thr Arg

1

5

10

15

Val His Ser Gln Val Gln Leu Val Gln Ser Gly Ser Glu Leu Lys Lys
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US 9,115,201 B2

-continued

60

Pro

Thr

Glu

65

Glu

Thr

Tyr

Gln

145

Ala

Ser

Pro
Lys
225

Pro

Thr

Glu

Lys

305

Ser

Lys

Ile

Pro

Leu

385

Asn

Ser

Arg

Gly

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Phe

Leu

Trp

Leu

Ser

210

Pro

Pro

Phe

Pro

Val

290

Thr

Val

Cys

Ser

Pro

370

Val

Gly

Asp

Trp

Ala

35

Tyr

Ile

Phe

Tyr

Cys

115

Thr

Pro

Gly

Asn

Gln

195

Ser

Ser

Cys

Leu

Glu

275

Gln

Lys

Leu

Lys

Lys

355

Ser

Lys

Gln

Gly

Gln
435

20

Ser

Trp

Gly

Lys

Met

100

Val

Thr

Leu

Cys

Ser

180

Ser

Ser

Asn

Pro

Phe

260

Val

Phe

Pro

Thr

Val

340

Ala

Gln

Gly

Pro

Ser
420

Glu

Val

Ile

Asp

Asp

Glu

Arg

Val

Ala

Leu

165

Gly

Ser

Leu

Thr

Ser

245

Pro

Thr

Asn

Arg

Val

325

Ser

Lys

Glu

Phe

Glu
405

Phe

Gly

Lys

Gly

Ile

70

Arg

Leu

Ala

Thr

Pro

150

Val

Ala

Gly

Gly

Lys

230

Cys

Pro

Cys

Trp

Glu

310

Leu

Asn

Gly

Glu

Tyr
390
Asn

Phe

Asn

Met

Trp

55

Tyr

Ala

Ser

Asn

Val

135

Cys

Lys

Leu

Leu

Thr

215

Val

Pro

Lys

Val

Tyr

295

Glu

His

Lys

Gln

Met

375

Pro

Asn

Leu

Val

Ser

40

Val

Pro

Thr

Ser

Glu

120

Ser

Ser

Asp

Thr

Tyr

200

Lys

Asp

Ala

Pro

Val

280

Val

Gln

Gln

Gly

Pro

360

Thr

Ser

Tyr

Tyr

Phe
440

25

Cys

Arg

Glu

Leu

Leu

105

Gly

Ser

Arg

Tyr

Ser

185

Ser

Thr

Lys

Pro

Lys

265

Val

Asp

Phe

Asp

Leu

345

Arg

Lys

Asp

Lys

Ser
425

Ser

Lys

Gln

Asn

Thr

90

Arg

Trp

Ala

Ser

Phe

170

Gly

Leu

Tyr

Arg

Glu

250

Asp

Asp

Gly

Asn

Trp

330

Pro

Glu

Asn

Ile

Thr
410

Arg

Cys

Ala

Ala

Asp

75

Ala

Ser

Tyr

Ser

Thr

155

Pro

Val

Ser

Thr

Val

235

Phe

Thr

Val

Val

Ser

315

Leu

Ser

Pro

Gln

Ala

395

Thr

Leu

Ser

Ala

Pro

60

Phe

Asp

Glu

Leu

Thr

140

Ser

Glu

His

Ser

Cys

220

Glu

Leu

Leu

Ser

Glu

300

Thr

Asn

Ser

Gln

Val

380

Val

Pro

Thr

Val

Gly

45

Gly

Ser

Thr

Asp

Asp

125

Lys

Glu

Pro

Thr

Val

205

Asn

Ser

Gly

Met

Gln

285

Val

Tyr

Gly

Ile

Val

365

Ser

Glu

Pro

Val

Met
445

30

Tyr

Gln

Asn

Ser

Thr

110

Val

Gly

Ser

Val

Phe

190

Val

Val

Lys

Gly

Ile

270

Glu

His

Arg

Lys

Glu

350

Tyr

Leu

Trp

Val

Asp
430

His

Thr

Gly

Tyr

Thr

95

Ala

Trp

Pro

Thr

Thr

175

Pro

Thr

Asp

Tyr

Pro

255

Ser

Asp

Asn

Val

Glu

335

Lys

Thr

Thr

Glu

Leu
415

Lys

Glu

Phe

Leu

Asn

80

Arg

Val

Gly

Ser

Ala

160

Val

Ala

Val

His

Gly

240

Ser

Arg

Pro

Ala

Val

320

Tyr

Thr

Leu

Cys

Ser
400
Asp

Ser

Ala
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US 9,115,201 B2

-continued

62

Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu Gly Lys

<210>
<211>
<212>
<213>
<220>
<221>
<223>

450

PRT

<400> SEQUENCE:

Met

1

Val

Pro

Thr

Glu

65

Glu

Thr

Tyr

Gln

145

Ala

Ser

Pro
Lys
225

Pro

Thr

Glu

Lys

305

Ser

Lys

Gly

His

Gly

Asn

50

Trp

Lys

Ala

Tyr

Gly

130

Phe

Leu

Trp

Leu

Ser

210

Pro

Pro

Phe

Pro

Val
290
Thr

Val

Cys

Trp

Ser

Ala

35

Tyr

Ile

Phe

Tyr

Cys

115

Thr

Pro

Gly

Asn

Gln

195

Ser

Ser

Cys

Leu

Glu

275

Gln

Lys

Leu

Lys

Ser

Gln

20

Ser

Trp

Gly

Lys

Met

100

Val

Thr

Leu

Cys

Ser

180

Ser

Ser

Asn

Pro

Phe

260

Val

Phe

Pro

Thr

Val

SEQ ID NO 8
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

NAME /KEY :
OTHER INFORMATION:

464

8

Leu

5

Val

Val

Ile

Asp

Asp

85

Glu

Arg

Val

Ala

Leu

165

Gly

Ser

Leu

Thr

Ser

245

Pro

Thr

Asn

Arg

Val
325

Ser

Ile

Gln

Lys

Gly

Ile

70

Arg

Leu

Ala

Thr

Pro

150

Val

Ala

Gly

Gly

Lys

230

Cys

Pro

Cys

Trp

Glu
310

Leu

Asn

455

460

synthetic polypeptide

Leu

Leu

Val

Trp

Tyr

Val

Ser

Asn

Val

135

Cys

Lys

Leu

Leu

Thr

215

Val

Pro

Lys

Val

Tyr

295

Glu

His

Lys

Leu

Val

Ser

40

Val

Pro

Thr

Ser

Glu

120

Ser

Ser

Asp

Thr

Tyr

200

Lys

Asp

Ala

Pro

Val

280

Val

Gln

Gln

Gly

Phe

Gln

25

Cys

Arg

Glu

Ile

Leu

105

Gly

Ser

Arg

Tyr

Ser

185

Ser

Thr

Lys

Pro

Lys

265

Val

Asp

Phe

Asp

Leu

Leu

10

Ser

Lys

Gln

Asn

Thr

90

Arg

Trp

Ala

Ser

Phe

170

Gly

Leu

Tyr

Arg

Glu

250

Asp

Asp

Gly

Asn

Trp
330

Pro

Val

Gly

Ala

Ala

Asp

75

Ala

Ser

Tyr

Ser

Thr

155

Pro

Val

Ser

Thr

Val

235

Phe

Thr

Val

Val

Ser
315

Leu

Ser

Ala

Ser

Ala

Pro

60

Phe

Asp

Glu

Leu

Thr

140

Ser

Glu

His

Ser

Cys

220

Glu

Leu

Leu

Ser

Glu

300

Thr

Asn

Ser

Val

Glu

Gly

45

Gly

Ser

Thr

Asp

Asp

125

Lys

Glu

Pro

Thr

Val

205

Asn

Ser

Gly

Met

Gln

285

Val

Tyr

Gly

Ile

Ala

Leu

30

Tyr

Gln

Asn

Ser

Thr

110

Val

Gly

Ser

Val

Phe

190

Val

Val

Lys

Gly

Ile

270

Glu

His

Arg

Lys

Glu

Thr

15

Lys

Thr

Gly

Tyr

Thr

95

Ala

Trp

Pro

Thr

Thr

175

Pro

Thr

Asp

Tyr

Pro

255

Ser

Asp

Asn

Val

Glu

335

Lys

Arg

Lys

Phe

Leu

Asn

80

Ser

Val

Gly

Ser

Ala

160

Val

Ala

Val

His

Gly

240

Ser

Arg

Pro

Ala

Val
320

Tyr

Thr
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US 9,115,201 B2

-continued

64

Ile

<210>
<211>
<212>
<213>
<220>
<221>
<223>

<400>

Met

1

Gly

Ala

Ile

Lys

65

Arg

Ser

Gly

Thr

Leu

145

Pro

Gly

Tyr

Ser

Pro

370

Val

Gly

Asp

Trp

His
450

Arg

Ala

Ser

Tyr

50

Leu

Phe

Leu

Thr

Val

130

Lys

Arg

Asn

Ser

Lys
210

Thr

Lys

355

Ser

Lys

Gln

Gly

Gln

435

Asn

Val

Arg

Val

35

Ser

Leu

Ser

Gln

Pro

115

Ala

Ser

Glu

Ser

Leu
195

Val

Lys

340

Ala

Gln

Gly

Pro

Ser

420

Glu

His

PRT

SEQUENCE :

Pro

Cys

20

Gly

Tyr

Val

Gly

Pro

100

Tyr

Ala

Gly

Ala

Gln
180
Ser

Tyr

Ser

Lys

Glu

Phe

Glu

405

Phe

Gly

Tyr

SEQ ID NO 9
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:

NAME /KEY :
OTHER INFORMATION:

234

9

Ala

5

Asp

Asp

Leu

Tyr

Ser

85

Asp

Thr

Pro

Thr

Lys

165

Glu

Ser

Ala

Phe

Gly

Glu

Tyr

390

Asn

Phe

Asn

Thr

Gln

Ile

Arg

Ala

Phe

70

Gly

Asp

Phe

Ser

Ala

150

Val

Ser

Thr

Cys

Asn
230

Gln

Met

375

Pro

Asn

Leu

Val

Gln
455

Pro

360

Thr

Ser

Tyr

Tyr

Phe

440

Lys

345

Arg

Lys

Asp

Lys

Ser

425

Ser

Ser

Glu

Asn

Ile

Thr

410

Arg

Cys

Leu

Pro Gln

Gln Val
380

Ala Val

395

Thr Pro

Leu Thr

Ser Val

Ser Leu
460

synthetic polypeptide

Leu

Gln

Val

Trp

55

Ala

Ser

Phe

Gly

Val

135

Ser

Gln

Val

Leu

Glu

215

Arg

Leu

Met

Thr

40

Tyr

Lys

Gly

Ala

Gln

120

Phe

Val

Trp

Thr

Thr
200

Val

Gly

Gly

Thr

25

Ile

Gln

Thr

Thr

Asn

105

Gly

Ile

Val

Lys

Glu
185
Leu

Thr

Glu

Leu

10

Gln

Thr

Gln

Leu

Glu

90

Tyr

Thr

Phe

Cys

Val

170

Gln

Ser

His

Cys

Leu Leu

Ser Pro

Cys Arg

Lys Pro

60

Ala Glu
75

Phe Thr

Tyr Cys

Lys Leu

Pro Pro

140

Leu Leu

155

Asp Asn

Asp Ser

Lys Ala

Gln Gly
220

Val

365

Ser

Glu

Pro

Val

Met

445

Ser

Leu

Ser

Ala

45

Gly

Gly

Leu

Gln

Glu

125

Ser

Asn

Ala

Lys

Asp

205

Leu

350

Tyr

Leu

Trp

Val

Asp

430

His

Leu

Trp

Ser

30

Ser

Lys

Val

Thr

His

110

Ile

Asp

Asn

Leu

Asp

190

Tyr

Ser

Thr

Thr

Glu

Leu

415

Lys

Glu

Gly

Leu

15

Leu

Glu

Ala

Pro

Ile

95

His

Lys

Glu

Phe

Gln
175
Ser

Glu

Ser

Leu

Cys

Ser

400

Asp

Ser

Ala

Lys

Pro

Ser

Asn

Pro

Ser

80

Ser

Tyr

Arg

Gln

Tyr

160

Ser

Thr

Lys

Pro



US 9,115,201 B2
65

-continued

<210> SEQ ID NO 10

<211> LENGTH: 234

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY:

<223> OTHER INFORMATION: synthetic polypeptide

<400> SEQUENCE: 10

Met Arg Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Trp Leu Pro
1 5 10 15

Gly Ala Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser
20 25 30

Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Glu Asn
35 40 45

Ile Tyr Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro
50 55 60

Lys Leu Leu Val Tyr Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser
65 70 75 80

Arg Phe Ser Gly Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Ile Ser
85 90 95

Ser Leu Gln Pro Asp Asp Phe Ala Thr Tyr Tyr Cys Gln His His Tyr
100 105 110

Gly Thr Pro Tyr Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys Arg
115 120 125

Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln
130 135 140

Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr
145 150 155 160

Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser
165 170 175

Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr
180 185 190

Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys
195 200 205

His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro
210 215 220

Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
225 230

<210> SEQ ID NO 11

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY:

<223> OTHER INFORMATION: synthetic 6xHis tag

<400> SEQUENCE: 11

His His His His His His
1 5

<210> SEQ ID NO 12

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<221> NAME/KEY:

<223> OTHER INFORMATION: synthetic peptide



US 9,115,201 B2

67 68
-continued

<400> SEQUENCE: 12
Lys Asp Glu Leu
1

What is claimed is: wherein the antibody comprises the heavy chain amino acid

1. A method for treating an influenza infection in a subject | sequence set forth in SEQ ID NO:7 or SEQ ID NO:8.
in need thereof, comprising administering to the subject an 2. The method of claim 1, wherein the subject is a human
amount a composition that is effective to reduce symptoms of patient. ] ] o
the influenza infection in the subject, wherein the composi- ] 3. The methoq of.clalm 2, wherein the human patient is
tion comprises a pharmaceutically acceptable carrier and an diagnosed as having influenza.

4. The method of claim 3, wherein the human patient is
diagnosed as having an oseltamivir-resistant strain of influ-
enza.

antibody that binds neuraminidase, wherein the antibody has
the ability to inhibit neuraminidase enzyme activity, and
wherein the antibody comprises the light chain amino acid
sequence set forth in SEQ ID NO:9 or SEQ ID NO:10, and L



